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A  GEOLOGIC  RECONNAISSANCE  IN  SOUTHWESTERN 
NEVADA  AND  EASTERN  CALIFORNIA. 


By  Sydney  H.  Ball. 


INTRODUCTION, 

FIELD  WORK  AND  ACKNOWLEDGMENTS. 

The  field  work  on  which  this  bulletin  is  based  covered  a  period 
lasting  from  June  to  December,  inclusive,  1905.  The  geologic  work 
was  under  the  general  supervision  of  Mr.  F.  L.  Ransome,  and  was 
carried  on  simultaneously,  \vith  the  mapping  of  the  topographic  base 
by  Messrs.  R.  H.  Chapman  and  B.  D.  Stewart. 

The  writer  is  fully  conscious  of  the  many  inaccuracies  of  the 
geologic  map  herewith  presented,  but  trusts  that  it  may  prove  not 
only  an  aid  to  the  prospector  and  miner,  but  a  contribution  to  the 
geology  of  an  intensely  interesting  region.  Each  day  approximately 
45  square  miles  was  mapped  in  an  area  of  by  no  means  simple  geol- 
ogy, and  in  many  localities  the  geologic  mapping  of  necessity  pre- 
ceiled  the  topographic.  No  other  region  in  the  United  States  is  so 
favorable  to  rapid  mapping,  since  the  exposures  are  unexcelled  and 
the  scant  vegetation  masks  scarcely  a  geologic  detail.  The  geology 
of  the  Paleozoic  rocks  is,  however,  difficult,  partly  on  account  of  the 
lithologic  similarity  of  many  of  the  formations,  but  largely  because 
these  older  rocks  are  in  part  hidden  by  mantles  of  Tertiary  lavas  and 
Recent  gravels.  In  the  text  it  has  been  the  endeavor  to  distinguish 
clearly  between  observations  made  at  close  range  and  inferences 
drawn  with  the  aid  of  the  field  glass.  The  mapping  of  the  outer 
Goldfield  hills  and  of  the  Pahute  Mesa  are  particularly  unsatisfactory. 

To  Mr.  F.  L.  Ransome  the  writer  desires  to  express  his  apprecia- 
tion for  general  oversight  and  helpful  criticism.  Messrs.  J.  E. 
Spurr,  F.  B.  Weeks,  W.  H.  Emmons,  and  G.  H.  Garrey  have  been 
freely  consulted  on  various  points  of  Nevada  geology.  Messrs.  R.  H. 
Chapman  and  B.  D.  Stewart  and  their  assistants,  Messrs.  T.  C. 
Spaulding,  E.  A.  Childers,  and  S.  G.  Benedict,  aided  the  work  by 
collecting  in  the  field  specimens  of  rocks  from  many  points  not  vis- 
ited by  the  writer.  Mr.  Spaulding  also  furnished  some  photographs 
and  determined  the  species  of  the  desert  flora.    To  Messrs.  W.  F.  Hil- 
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lebrand,  George  Steiger,  and  Waldemar  T.  Schaller  the  writer  is  in- 
debted for  mineralogical  determinations,  a,nd  to  Messrs.  E.  O.  Ulrich, 
G.  H.  Girty,  Edward  M.  Kindle,  and  F.  H.  Knowlton  for  paleon- 
tologic  data.  The  helpful  interest  and  kindly  hospitality  of  the  Ne- 
vada pioneers  is  also  gratefully  acknowledged. 

LOCATION  AND  AREA. 

The  area  surveyed  (see  fig.  1)  is  situated  in  the  south-central  por- 
tion of  the  Great  Basin  and  includes  portions  of  Esmeralda  and  Nye 


Fig.    1. — Index    map   showing   location    of   area    In    southwestern    Nevada    and    eastern 

California. 

counties,  Nev.,  and  Inyo  County,  Cal.  The  topographic  map  is  on  a 
scale  of  1 :  253,440  (approximately  4  miles  to  the  inch),  with  contour 
intervals  of  100  feet,  and  covers  the  area  lying  between  36°  30'  and 
38°  north  latitude,  and  116°  00'  and  117°  30'  west  longitude.  This 
area,  embracing  within  its  limits  8,550  square  miles,  is  the  equiva- 
lent of  nine  of  the  usual  30-minute  quadrangles  of  the  Geologic 
Atlas  of  the  United  States. 
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LITERATURE. 

The  literature  dealing  with  this  portion  of  Nevada  and  Cali- 
fornia is  scanty.  In  1871  Mr.  G.  K.  Gilbert  visited  the  Reveille 
Range  and  later  the  Oasis  Valley  and  crossed  the  Grapevine  Range. 
In  1899  Mr.  J.  E.  Spurr  went  from  Lida  to  Stonewall  Spring  and 
thence  across  the  Cactus,  Kawich,  and  Reveille  ranges.  lie  also 
crossed  Death  Valley  and  the  Funeral  and  Pananiint  ranges  to  the 
south  of  the  area  included  in  the  present  map.  Since  that  time  he 
has  made  extended  studies  in  the  neighboring  districts  of  Tonopah 
and  Silver  Peak.  In  1899-1900  Mr.  H.  W.  Turner  surveyed  geo- 
logically the  Silver  Peak  area,  a  thirty-minute  quadrangle,  which 
adjoins  on  the  northwest  the  area  mapped  in  this  report.  In  19t0 
Mr.  M.  R.  Campbell  made  a  reconnaissance  to  the  south  of  the  area 
here  described.  In  1905  Messrs.  F.  L.  Ransome,  G.  H.  Garrey,  and 
W.  H.  Emmons  made  detailed  studies  of  the  geology  and  ore  de- 
posits of  Goldfield  and  Bullfrog,  and  a  preliminary  account  of  the 
results  OT  their  work  appears  in  Bulletin  No.  303  of  the  United 
States  Geological  Survey.  Since  the  discovery  of  the  veins  of  Tono- 
pah in  1900  the  technical  journals  have  contained  numerous  refer- 
ences to  the  mines  in  this  portion  of  Nevada  and  California,  but  these 
have  not  been  included  in  the  following  bibliography,  since,  with  a 
few  exceptions,  they  contain  nothing  of  permanent  value: 

Gilbert,  G.  K.    Report  on  the  geology  of  portions  of  Nevada,  Utah,  CaHfornia, 

and  Arizona  examined  in  the  years  1871  and  1872.     U.  S.  Geog.  and  Geol. 

Surveys  West  of  the  One  Hundredth  Meridian,  vol.  3,  Geology,  1875,  pp. 

21-187. 
Describes   the   Reveille   and   Amargosa    (Grapevine)    ranges   and   Bare 

Mountain,  also  the  structure  of  the  Basin  Range. 
Hague,  Arnold.     Geology  of  the  Eureka  district,  Nevada,  with  on  atlas.     Mon. 

U.  S.  Geol.  Survey,  vol.  20,  1892. 
Describes  the  geology  and  ore  deposits  of  Eureka,  Nev.     The  Paleozoic 

section  will  be  used  as  the  type  section  in  the  present  rei)ort. 
Spurr,  J.  E.    Descriptive  geology  of  Nevada  south  of  the  fortieth  parallel  and 

adjacent  portions  of  California.     Bull.  U.  S.  Geol.  Survey  No.  208,  1903. 
Describes  the  geology  and  contains  a  general  geologic  map,  scale  15  miles 

to  the  inch. 
Tinner,  H.  W.     Silver  Peak  folio ;   unpublished. 

Describes  general   and  economic  geology  of  Silver   Peak    (Nev.)    quad- 
rangle. 
Spurr,  J.  E.     The  succession  and  relation  of  lavas  of  the  Great  Basin  region. 

Jour.  Geol.,  vol.  8,  1900,  pp.  G2 1-646. 
Spurr,   J.   E.     Origin   and  structure  of  the   Basin    Ranges.     Bull.    Geol.    Soc. 

America,  vol.  12,  1901,  pp.  217-270. 
Campbell,  M.  R.    Reconnaissance  of  the  borax  deposits  of  Death  Valley  and 

Mohave  Desert    Bull.  U.  S.  Geol.  Survey  No.  200,  1902. 
Treats  particularly  of  the  borax  deposits  and  of  Tertiai-y  lake  beds. 
Spurr,  J.  E.    Geology  of  the  Tonopah  mining  district,  Nevada.     Prof.  Paper 

D.  S.  GeoL  Survey  No.  42,  1905. 
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Spurr,  J.  K.  The  ore  (lei)08its  of  the  Silver  Peak  (Nevada)  quadrangle.  Prof. 
Pai>er  XT.  S.  Geol.  Survey  No.  55,  1906. 

Ball,  Sydney  H.  Notes  on  the  ore  deposits  of  southwestern  Nevada  and 
eastern  California.     Bull.  U.  S.  Geol.  Survey  No.  285,  1906,  pp.  53-73. 

Ransom E,  P.  L.  A  preliminary  account  of  Ooldfield,  Bullfrog,  and  other  min- 
ing districts  in  southern  Nevada ;  with  notes  on  the  Manhattan  district 
by  W.  n.  Emmons  and  G.  II.  Garrey.  Bull.  U.  S.  GeoL  Survey  No.  303, 
1906. 

THE  GREAT  BASIN. 

The  Great  Basin  is  an  elevated  region  in  Nevada  and  contiguous 
portions  of  Oregon,  California,  and  Utah,  containing  approximately 
208,500  square  miles.  None  of  its  streams  flow  to  the  ocean,  and  in 
this  it  differs  from  all  other  provinces  of  the  United  States.  The 
region  is  arid,  the  precipitation  IxMng  less  than  20  inches  a  year. 
The  scenery,  were  it  not  for  the  grotesque  form  and  bizarre  coloring 
of  many  of  the  mountains  and  hills,  w^ould  he  depressingly  dreary. 

The  mountain  ranges  of  the  region  for  the  most  part  trend  north 
and  south  and  are  characteristically  rugged  and  bare,  although  the 
crests  of  some  of  the  higher  ranges  are  covered  by  a  scant  gi'owth  of 
timber.  The  mountains  are  cut  by  deep  canyons,  and  in  a  few  of 
these  streams  flow,  only  to  sink  in  the  desert  gravels.  Associated 
with  the  ranges  are  low  hill  groups  and  mesas,  many  of  which  also 
have  a  north  and  south  elongation.  Between  the  mountains  and  hills 
are  broad,  gently  sloping,  inclosed  valleys,  which  send  branches  into 
and  in  places  across  the  mountains.  The  lowest  portion  of  most  of 
the  valleys  is  occupied  by  either  a  lake  or  a  playa,  which  during  the 
greater  part  of  the  year  is  a  level  waste  of  hard  clay,  but  after  heavy 
rains  is  covered  by  a  thin  sheet  of  water. 

TOPOGRAPHY. 

The  area  under  discussion,  a  typical  portion  of  the  Great  Basin,  is 
one  of  mountain  ranges  and  mesas  with  wide  valleys  of  gentle  slope 
between.  To  the  north  of  the  broad  Pahute  Mesa  lie  mountain  ranges 
with  a  general  north-south  trend.  Southeast  of  the  mesa  the  moun- 
tains are  small  groups  whose  crest  lines  run  in  various  directions. 
The  Grapevine  and  Panamint  ranges,  southw^est  of  the  mesa,  extend 
from  northwest  to  southeast  and  are  in  consequence  parallel  to  the 
Sierra  Nevada.  The  relief  of  the  area  is  great;  Kawich  Peak  is 
0,500  feet  above  sea  level  and  the  part  of  Death  Valley  within  the  area 
lies  280  feet  below  sea  level.  Few  of  the  ranges,  however,  rise  more 
than  8,000  feet  above  the  flat  valley,  although  the  mountain  front 
on  either  side  of  Death  Valley  reaches  an  elevation  of  7,000  feet 
within  a  distance  of  12  miles.  Between  mountains  with  distinct 
crests,  such  as  the  Kawich  Range,  and  the  small  hillocks  in  the  desert 
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valleys  there  is  every  gradation.  The  mountains  are  cut  by  gorges 
which  in  the  more  elevated  ranges  are  deep  canyons.  The  streams 
descend  from  the  mountains  to  the  flat  valleys  on  alluvial  fans  and 
commonly  even  the  stream  channel  disappears  before  the  playa  in 
the  center  of  the  valley  is  reached. 

The  valleys  are  inclosed  basins  which  slope  rather  steeply  next  to  the 
mountains,  but  decrease  in  grade  rapidly,  the  central  portion  being 
a  flat  in  which  the  eye  can  see  no  differences  in  relief.  This  level 
bottom  is  in  most  cases  a  playa.  The  borders  of  any  given  valley 
are,  as  a  rule,  approximately  equal  in  elevation,  although  the  desert 
gravels  extend  to  greater  elevations  on  the  higher  inclosing  moun- 
tains. In  such  cases,  while  the  slopes  are  of  approximately  equal 
descent,  that  from  the  higher  mountains  is  much  longer,  and  in  con- 
sequence the  playa  is  nearer  the  lower  hills.  Near  the  mountains 
the  alluvial  slopes  are  scored  by  numerous  drainage  lines,  and  hills 
protrude  through  their  surface.  The  inclosed  basins  send  bays  and 
arms  of  detrital  wash  into  the  mountains  and  in  places  two  opposed 
arms  meet  and  fortn  a  strait  of  alluvial  material.  Every  hill  within 
the  area  furnishes  each  year  material  with  which  it  is  slowly  being 
overridden  by  the  constantly  growing  flat  valleys.  These  valleys  at 
one  time  may  have  been  united  to  one  another  so  that  they  formed  a 
single  drainage  system,  flowing  to  the  south.  \Miether  this  was  the 
case  or  not,  it  is  evident  that  they  are  formed  in  three  ways — by  the 
union  across  a  valley  of  opposed  alluvial  fans,  as  is  exemplified  by 
the  small  inclosed  valleys  of  Grapevine  Canyon ;  by  the  outflow  of  a 
lava  barrier,  such  as  that  between  Sarcobatus  Flat  and  the  inclosed 
valley  to  the  north ;  or  by  orogenic  movements,  of  which  the  Bullfrog 
Hills  between  Sarcobatus  Flat  and  the  Amargosa  Desert  are,  in  part 
at  least,  an  example. 

CLIMATE. 

The  area  has  an  arid  climate,  with  hot,  dry  summers  and,  except  in 
the  higher  mountains,  mild  winters.  The  temperature  in  summer 
often  rises  .above  100°  F.,  the  intensity  of  the  heat,  however,  being 
mollified  by  the  dryness  of  the  atmosphere.  Records  kept  at  Haw- 
thorne, Sodaville,  and  Palmetto,  Nev.,  and  quoted  by  Turner «  show 
that  the  average  annual  precipitation  to  the  north  of  the  area  varies 
from  3J  inches  in  the  valleys  to  15  inches  on  the  highest  mountains. 
These  figures  are  probably  both  somewhat  high  for  the  area  under 
consideration.  The  precipitation  is  largely  concentrated  in  cloud- 
bursts and  4  or  5  inches  of  rain  may  pour  down  in  a  few  hours. 

« Turner,  H.  W.,  SUver  Peak  folio ;  unpublished. 
Bull.  308—07  M 2, 
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lIYDROIiOGY. 

GENERAL  STATEMENT. 

The  water  resources  of  this  area  consist  of  streams,  springs,  tanks, 
wells,  and  snow.  Data  concerning  the  local  water  resources  are  given 
•n  the  descriptions  of  the  mountain  ranges  and  valleys.  AVhile  suffi- 
cient water  is  available  or  can  be  developed  at  a  number  of  points  for 
villages,  mills,  small  ranches,  and  truck  gardening,  it  is  probable  that 
the  present  supply  of  the  area  will  never  be  greatly  increased. 

STREAMS. 

Well-developed  drainage  systems  exist  in  the  hills  and  mountains, 
but  nearly  all  the  channels,  except  in  times  of  cloud-bursts,  are  dry. 
Only  in  the  higher  mountains  where  heavy  snows  fall  are  perennial 
streams  found,  and  the  longest  of  these  has  a  length  of  less  than  4 
miles.  AVhile  the  streams  are  small,  a  few,  notably  the  Amargosa, 
furnish  sufficient  water  for  concentrating  mills. 

The  so-called  Amargosa  River  heads  well  up  in  Pahute  Mesa, 
and  the  stream  channel  can  be  traced  through  the  Amargosa  Desert 
into  Death  Valley.  Water  comes  to  the  surface  only  in  that  portion 
known  as  Oasis  Valley,  where  numerous  springs  burst  forth  and  give 
rise  to  small  streams  from  200  feet  to  one-half  mile  in  length.  Above 
Indian  Camp  the  channel  of  the  Amargosa  occupies  a  canyon  500  feet 
deep,  while  between  this  point  and  Beatty  the  valley,  from  200  yards 
to  1  mile  wide,  is  bordered  by  low  hills.  The  valley  floor  is  here 
formed  of  fine  clay,  which,  where  not  covered  by  drifting  sand,  sup- 
ports a  fair  growth  of  salt  grass.  In  places  many  acres  are  covered 
with  an  incrustation  of  white  alkali.  Between  Beatty  and  (Jold  Cen- 
ter the  valley  contracts  to  a  gorge.  In  the  Amargosa  Desert  the  chan- 
nel is  from  4  to  15  feet  deep  and  100  feet  wide.  In  addition  to  the 
recent  channel  there  are  several  older  channel  remnants.  This  shal- 
low, sinuous  channel,  lined  by  heaps  of  angular  bowlders  and  banks 
of  sand,  strongly  resembles  the  deserted  river  beds  of  the  Great 
Plains. 

Four  small  streams  are  situated  in  Kawich  Range.  Breen  Creek 
has  its  origin  in  a  large  number  of  springs  rising  from  a  marshy 
area  on  the  Breen  ranch.  The  stream  in  summer  is  from  1  to  3  feet 
wide  and  2  to  4  inches  deep.  Early  in  the  morning  it  flows  to  Sil- 
verbow,  a  distance  of  3J  miles,  but  by  night  the  lower  2  miles  are 
dry.  The  water  at  sunset  is  warm,  while  in  the  morning  it  is  cold. 
The  daily  variation  in  size  and  temperature  is  characteristic  of 
all  the  streams  of  this  region  and  is  due  to  the  great  heat  of  midday, 
which  warms  the  water  and  induces  evaporation.  The  large  spring 
IJ  miles  below  the  I^ongstreet  ranch  yields  a  stream  of  water  1  foot 
wide  and  3  or  4  inches  deep,  which  sinks  in  the  valley  gravel  one- 
half  mile  from  its  source.     The  underflow  rises  to  the  surface  three 
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times  in  the  course  of  the  tortuous  Little  Mill  Creek  Canyon,  on  the 
east  side  of  the  Kawich  Range  above  Eden.  The  largest  of  these 
streams  is  1^  feet  wide  and  flows  1^  miles.  A  streamlet  200  yards 
long  flows  from  the  large  spring  commonly  called  "  Georges  Water," 
on  the  east  side  of  the  Kawich  Range. 

Salt  Creek,  15  feet  wide,  rises  in  Death  Valley,  flows  2  miles,  and 
then  sinks.  The  water  is  heavily  charged  with  sodium  chloride 
and  other  salts.  In  the  Salt  Flat  of  Death  Valley  are  many  gently 
flowing  small  streams  and  pools  of  salt  water.  Small  streams  flow 
from  the  Staininger  ranch  and  from  Grapevine  Springs,  in  the  Amar- 
gosa  Range,  but  each  sinks  within  1  mile  of  its  head.  Cottonwood 
Creek,  in  the  Panamint  Range,  is  4  feet  wide  at  its  spring  head,  but 
sinks  in  gravel  within  2  miles.  Cottonwood  and  willow  trees  and 
grapevines  line  its  banks,  and  water  cress  grows  luxuriantly  in  the 
water.  A  short  distance  below  the  sink  of  this  stream  water  again 
runs  in  the  canyon  for  100  yards.  In  the  Stonewall  Mountains  water 
rises  in  the  bed  of  a  gulch  one-fourth  mile  north  of  Stonewall  Spring. 
The  streamlet,  1  foot  wide  and  3  inches  deep,  sinks  in  the  gravel  100 
feet  from  its  source. 

SPRINGS. 

The  springs  are  of  two  kinds — ^hot  or  warm  and  cold.  The  hot 
springs  appear  to  be  vents  of  deeply  circulating  waters;  the  cold 
springs  evidently  come  from  shallow  depths. 

HOT  OR  WARM  SPRINGS. 

Alkali  Spring  is  located  11  miles  northwest  of  Goldfield.  The 
waters  originally  rose  at  a  number  of  small  seeps,  but  recently  the 
Combination  Mines  Company,  of  Goldfield,  drove  a  tunnel  into  the 
gentle  slope,  concentrating  the  flow  in  a  single  channel.  According 
to  Mr.  Edgar  A.  Collins,  of  this  company,  about  85,000  gallons  of  wa- 
ter per  day  flows  from  the  spring  and  is  pumped  to  the  Combination 
mill  at  Goldfield.  The  water  is  clear,  slightly  alkaline  in  taste,  and 
smells  of  hydrogen  sulphide.  An  analysis  by  Abbot  A.  Hanks,  kindly 
furnished  by  Mr.  Collins,  is  as  follows : 

Analysis  of  water  from  Alkali  Spring,. 

Grains  per  wine  gallon. 

SUIca,  Insoluble 2. 449 

Iron  oxides  and  alumina , .  314 

Calcium  carbonate 6.  764 

Sodium  chloride 6. 122 

Sodium  sulphate 43. 341 

58.990 

At  the  mouth  of  the  40-foot  tunnel  the  temperature  of  the  water  is 
about  120°  F.,  and  at  the  breast  it  is  at  least  140^  F.  The  stream 
flows  from  residual  bowlders  and  soil  of  the  later  rhyolite,  and  the 
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bowlders  are  badly  decomposed  and  crumble  readily  in  the  hand. 
One  hundred  yards  north  of  the  pumping  station  is  a  low  dome  of 
grayish-brown  travertine,  probably  an  abandoned  vent  of  the  spring. 

Hicks  Hot  Springs,  situated  at  the  base  of  a  low  hill  of  silicified 
rhyolite  on  the  east  bank  of  Amargosa  River  about  7  miles  above 
Beatty,  are  five  in  number.  The  hottest  spring,  which  supplies  the 
bath  house,  is  said  to  have  a  temperature  of  110°  F.  and  to  furnish 
G5,000  gallons  per  day.  The  springs  in  the  vicinity  which  flow  from 
the  gravels  of  Oasis  Valley  are  cool,  and  it  is  possible  that  the  warm 
waters  are  genetically  connected  with  the  silicification  of  the  rhyolite. 

Water  rises  at  the  Staininger  ranch,  in  the  Amargosa  Range,  at  sev- 
eral places  in  the  canyon  gravel,  the  total  flow  approximating  600,000 
gallons  a  day.  The  water  in  December  had  a  temperature  of  75°  F., 
while  that  of  the  air  was  but  49°.  The  surrounding  hills  are  formed 
of  Siebert  lake  beds  and  Pliocene-Pleistocene  basalt  flows.  The 
Grapevine  Springs  flow  from  shallow  depressions  and  valleys  in  the 
older  alluvium  and  from  the  contact  of  that  formation  and  the 
Pogonip  limestone.  Much  of  this  water  is  tepid.  Pliocene-Pleisto- 
cene basalt  flows  occur  in  this  vicinity.  At  Ash  Meadows,  in  the 
Amargosa  Desert,  1  mile  south  of  the  area  mapped,  springs  are  asso- 
ciated with  the  older  alluvium.  The  temperature  of  the  larger 
springs  is  reported  to  be  76°  F. ;  that  of  one  of  the  smaller  springs  is 
94°  F. 

These  hot  or  warm  springs  are  characterized  by  a  rather  large  and 
constant  flow  of  water.  They  are  without  much  doubt  the  vents  of 
deeply  circulating  waters,  and  their  association  in  many  places  with 
recent  volcanic  rocks  suggests  that  they  may  in  part  owe  their  heat 
to  volcanism,  if,  indeed,  they  are  not  magmatic  waters. 

COLD   SPRINGS. 

Cold  springs  and  seeps  are  situated  either  at  the  contact  of  alluvial 
deposits  and  the  mountain  bed  rock  or  in  the  gravels  of  mountain 
canyons.  In  the  latter  case  the  surface  waters  appear  to  seep  through 
the  valley  gravel  and  to  rise  where  the  bed  rock  forms  a  bar  across  the 
channel.  The  spring  from  which  Cottonwood  Creek  flows  may  be 
cited  as  an  example.  Springs  of  this  class  are  common  in  the  large 
quartz-monzonite  area  of  the  Panamint  Range.  In  the  granite  of 
Gold  Mountain  and  the  Cambrian  rocks  of  the  Montezuma  district  a 
water  zone  occurs  at  the  contact  of  the  solid  rock  and  the  residual  and 
detrital  soil.  In  other  cases  surface  water  has  seeped  into  the  more 
pervious  strata,  particularly  the  Siebert  lake  beds,  the  older  alluvium, 
and  altered  varieties  of  rhyolite,  and  many  springs  are  situated  where 
these  beds  either  outcrop  or  are  covered  by  a  veneer  of  detrital  or  resid- 
ual material.  Springs  are  located  sporadically  throughout  the  area 
surveyed,  but  seem  to  be  more  abundant  around  the  bases  of  the 
higher  mountains,  especially  of  those  which  are  covere4  with  forests. 
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The  precipitation  both  in  winter  and  summer  is  greater  on  such 
mountains,  and  forested  areas  retard  the  run-off  and  permit  the  water 
to  sink  into  the  rocks.  The  flow  is  subject  to 
seasonal  changes,  and  during  August  and  Sep- 
tember many  springs  are  diy  or  greatly  dimin- 
ished. Heavy  rains  also  cause  fluctuations. 
The  water  is  cool,  sometimes  even  cold,  and  is 
usually  palatable,  though  a  few  of  the  springs 
are  slightly  saline,  and  some  contain  other  salts. 
From  the  direct  dependence  of  the  flow  of 
the  cold  springs  on  seasonal  rotation  and  on  un- 
usually hea\'y  rains  it  is  evident  that  these 
springs  are  in  greater  part,  at  least,  the  vents 
of  shallow  circulating  waters. 

TANKS. 

Tanks  are  natural  depressions  in  an  impervi- 
ous stratum,  in  which  rain  or  snow  water  col- 
lects and  is  preserved  the  greater  portion  of 
the  year.  In  the  area  studied  the  principal 
formations  upon  which  tanks  occur  are  the 
playa  clay  and  the  more  compact  layers  of  the 
basalt.  The  water  in  tanks  decreases  in  vol- 
ume and  becomes  poorer  in  quality  as  summer 
progresses;  by  August  some  are  Avy^  and  the 
water  of  others  is  scarcely  drinkable. 

WELLS. 

Wells  have  been  sunk  at  a  number  of  places 
in  the  gravels  of  either  the  flats  or  the  gulchas. 
Wells  sunk  in  gulches  where  there  are  signs 
of  water  have  almost  without  exception  proved 
successful.;  wells  in  the  flats  have  been  almost 
as  uniformly  successful.  In  the  inclosed  val- 
leys the  water  table  near  the  mountains,  where 
the  desert  gravels  are  very  permeable  to  water, 
seems  to  lie  at  considerable  depths  below  the 
surface,  but  at  the  playas  the  two  planes  ap- 
proach each  other.  In  Death  Valley  water 
stands  upon  the  surface,  while  in  Sarcobatus 
Flat  the  water  table  is  but  2  feet  below  the  sur- 
face (fig.  2).  In  other  flats  the  depth  is  con- 
siderably greater,  but  by  analogy  wells  located 
near  playas  should  encounter  water  at  less 
depths  than  those  on  alluvial  slopes.  The  supply  seems  sufficient  for 
stock,  but  insufficient  for  extensive  irrigation. 
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The  prospect  of  developing  flowing  wells  in  the  area  is  slight.  The 
Paleozoic  rocks  and  the  Tertiary  volcanics  are  too  much  faulted  to 
j>resent  extensive  and  continuous  water-bearing  strata.  In  the  flat 
valleys  beds  of  sand  and  gravel  and  layers  of  clay  may  be  locally  so 
superimposed  aipon  one  another  as  to  furnish  artesian  conditions. 
Flowing  wells,  however,  would  be  encountered  only  by  the  merest 
chance  and  would  probably  be  weak. 

In  Turkestan  and  in  the  arid  regions  of  southern  California  gently 
ascending  tunnels  have  been  driven  into  alluvial  fans  and  water 
so  obtained  has  been  used  for  irrigation.  The  construction  and 
maintenance  of  such  tunnels  are  expensive,  and  in  the  area  studied 
tliey  would  meet  with  success  in  few  if  any  of  the  larger  fans  in  which 
strong  springs  sink. 

SNOW. 

During  the  winter  snow  lies  on  many  of  the  higher  ranges  and 
forms  a  valuable  water  supply  to  the  prospector  and  traveler. 

SIGNS  OF  WATER. 

For  the  benefit  of  those  unused  to  desert  conditions  it  will  per- 
haps be  of  value  to  describe  the  signs  which  indicate  the  pres- 
ence of  water  in  southwestern  Nevada.  Vegetation  near  springs 
or  tanks  is  noticeably  luxuriant,  and  in  consequence  patches  of  vivid 
green  are  worthy  of  investigation.  The  desert  shrubbery  attains  an 
unusual  size  around  springs,  and  a  number  of  bushes  and  flowers  not 
elsewhere  seen  are  abundant.  The  willow,  wild  rose,  elderberry,  and 
gooseberry,  the  red  honeysuckle  and  the  poppy,  and  the  "  water  bush," 
or  tonopah  of  the  Indians,  are  unknown  except  in  the  vicinity  of 
water.  The  "  water  bush  "  is  a  shrub  2  to  3  feet  high,  with  grayish- 
green  leaves  set  on  a  white  stalk  thickly  covered  with  spikes  1  inch 
long.  Mesquite  grows  in  Death  Valley  and  the  Amargosa  Desert, 
and  water  may  usually  be  obtained  at  slight  depths  near  its  roots. 
AVhere  rye  grass  and  the  cane  grow  there  is  water  at  the  surface  or 
at  moderate  depths. 

Rabbits,  coyotes,  and  birds  are  particularly  abundant  near  water. 
Mourning  doves  at  sunset  often  flock  around  water  holes.  It  is  more 
than  unfortunate  that  in  the  last  two  years  the  shotgun  and  trap  have 
greatly  diminished  the  numbers  of  this  bird,  one  of  the  surest  of  water 
guides.  Stock  trails  usually  lead  to  water,  and  the  point  at  which 
several  trails  converge  is  in  most  cases  a  spring.  Since  the  animals  go 
directly  to  water  from  the  flats  and  on  leaving  the  spring  spread  over 
the  surrounding  country  as  they  feed,  the  trail  becomes  perceptibly 
plainer  as  it  nears  the  spring.  Many  such  trails,  however,  are  winter 
trails,  and  in  consequence  the  recency  of  tracks  should  be  noted  in 
searching  for  water. 

AVagon  roads  and  trails  are  constructed  from  one  spring  or  tank  to 
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another  and  unwatered  stretches  of  more  than  40  miles  are  uncom- 
mon. The  Indians,  except  when  gathering  piiion  nuts,  camp  at 
water,  and  old  Indian  camping  grounds,  numerous  fragments  of 
stone  implements,  smoke-stained  rocks,  and  carvings  on  rock  may  be 
valuable  water  indicators.  Perhaps  the  best  water  signs  are  stone 
monuments  built  by  the  Indians  and  early  white  explorers  either  on 
high  points  on  each  side  of  the  trail  at  water  or  close  together  on  a 
commanding  point  above  the  water.  These  monuments  are  from  2 
to  8  feet  in  height  and  resemble  mineral  monuments,  except  that  they 
liear  no  location  notices.  From  some  of  them  flat  stones  set  on  edge 
point  toward  the  water ;  at  others  a  sharpened  stick  lying  in  a  forked 
one  is  the  indicator. 

A:NlMAi:i  lilFE. 

Animals  are  nowhere  abundant  in  the  area  under  consideration, 
and  Death  Valley  appears  to  be  without  resident  animals,  with  the 
exception  of  a  few  coyotes.  The  lack  of  food  and  the  scarcity  of 
water  render  the  area  as  a  whole  unfit  for  large  animals.  Bands  of 
wild  horses  roam  the  lowlands  around  the  Cactus  and  Kawich 
ranges,  however,  and  a  few  antelope  feed  in  the  valleys  on  either 
side  of  the  Kawich  Range  and  on  Pahute  Mesa.  Mountain  sheep 
are  reported  from  the  I^one  Mountain  country  and  old  trails  were 
noted  on  the  higher  peaks  of  the  Stonewall  Mountains.  A  few 
mountain  sheep  still  live  in  the  Panamint  Range  and  in  the  south 
end  of  the  Amargosa  Mountains.  Coyotes  and  rabbits  are  often 
seen,  particularly  in  the  vicinity  of  springs.  Animals  allied  to 
gophers  seem  less  dependent  on  known  water  holes. 

Hawks,  ravens,  magpies,  sparrows,  and  owls  fly  long  distances 
from  water.  Mourning  doves,  on  the  other  hand,  flock  around  the 
springs  and  a  few  coveys  of  California  quail  live  in  the  better 
watered  portions  of  the  Panamint  and  Amargosa  ranges.  Ducks 
in  their  annual  migrations  stop  to  rest  and  feed  at  the  springs  in  the 
Oasis  Valley  and  at  Ash  Meadows  and  the  Furnace  Creek  ranch. 

Various  species  of  lizards,  including  the  horned  toad,  are  common 
m  the  valleys.  Rattlesnakes,  both  the  ordinary  variety  and  the 
peculiar  sidewinder,  are  sometimes  seen,  but  are  by  no  means  as 
common  as  report  would  lead  one  to  believe.  The  same  is  true  of 
the  scorpion  and  tarantula.  Ants  are  common,  and  brilliantly  col- 
ored butterflies  are  unexpectedly  numerous.  Mosquitoes  and  similar 
i)ests  occur  only  near  a  few  of  the  larger  water  holes. 

VEGETATION. 

Open  forests  of  pinon  {Pimis  monophylla)  and  juniper  {Juniper 
utahensis)  occur  above  the  dry  timber  line,*  which  approximates  an 
elevation  of  6,500  feet.     The  wood  of  both  trees,  particularly  the 

•  Russell,  I.  C,  Bull.  Geol.  Soc.  America,  vol.  14,  1904,  pp.  556-557. 
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piiion,  is  good  fuel.  Only  exceptionally  are  the  trunks  large  enough 
for  mining  timbers  other  than  lagging.  The  cones  of  the  pifion  in- 
case delicious  nuts,  which  are  carefully  gathered  by  the  Indians  for 
winter  food.  The  vividly  green  mountain  mahogany  {Gerocarpus 
ledif alius)  is  associated  with  these  trees  on  the  highest  peaks. 

The  most  striking  plant  of  the  area  is  the  yucca  {Yucca  arbo- 
rescens) ,  commonly  called  the  "  Joshua  tree."  It  grows  in  open  groves 
on  the  upper  alluvial  slopes  and  the  lower  lava  mesas.  Stiff  spiny 
leaves  are  thickly  set  on  the  peculiarly  branching  stalk,  which 
reaches  a  maximum  height  of  30  feet.  Associated  with  the  yucca  are 
various  species  of  cacti,  including  the  prickly  pear,  the  barrel  cactus, 
and  several  branching  forms.  The  sagebrush  is  widely  distributed 
in  the  mountains,  while  the  "  creosote  brush  "  {Larrea  tridentata) 
and  related  shrubs  occupy  the  lower  alluvial  slopes.  In  April  and 
May  the  red  geranium,  the  yellow  dandelion,  the  purple  horsemint, 
and  the  white  primrose  enliven  the  monotonous  greenish  gray  of  the 
desert  shrubbery. 

Grateful  spots  of  green  mark  the  springs.  Here  the  gooseberry, 
wild  rose,  poppy,  honeysuckle,  wild  rye  grass,  and  cane  thrive,  while 
willow  bushes  and  oak  shrubs  grow  in  thickets  around  some  of  the 
springs.  At  Poison  Spring,  in  the  Amargosa  Range,  the  rocks  are  cov- 
ered by  the  dainty  maidenhair  fern.  In  Cottonwood  Canyon  and  at 
the  ranches  in  Oasis  Valley  willow  and  cottonwood  trees  grow  to  a 
height  of  40  feet. 

Sufficient  grass  for  scant  forage  grows  on  the  upper  alluvial  slopes 
and  in  some  valleys  in  the  mountains.  Burros  will  live  almost  any- 
where in  the  area,  but  horses  do  poorly  on  the  best  of  feed.  The  most 
nutritious  grass  grows  in  small  bunches  and  is  commonly  called  "  sand 
grass."  The  sun's  heat  cures  it  in  summer  and  in  consequence  a 
scant  supply  is  available  throughout  the  year.  The  grass  around  the 
springs,  usually  called  "salt  grass"  {Distiehlis  spirata)^  is  of  litt^ 
value  to  work  horses.  The  white  sage  {Eurotia  Janata)  grows  in  the 
southern  half  of  the  area.  Sheep  are  said  to  thrive  on  it  and  horses 
eat  it  with  apparent  relish. 

CUIiTURE. 
INDUSTRIES. 

Prospecting  and  mining  are  practically  the  only  industries,  and 
nearly  every  person  within  the  area  surveyed  is  dependent  directly  or 
indirectly  on  these  pursuits.  The  miners  are  segregated  in  the  towns 
and  camps;  the  prospectors  range  from  one  group  of  hills  to  an- 
other. At  the  Longstreet  and  Breen  ranches  in  the  Kawich  Range, 
the  Staininger  and  Indian  ranches  in  the  Armagosa  Range,  and  at 
several  of  the  springs  in  Oasis  Valley  small  acreages  are  irrigated  and 
hay,  melons,  potatoes,  and  other  farm  products  are  raised.  The 
finer  detrital  material  of  the  valleys  is  an  excellent  soil,  but  water  for 
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irrigation  is  lacking.  A  few  cattle  pasture  in  the  Kawich  Range, 
and  while  small  herds  might  possibly  live  at  oth^r  localities,  the  beef 
required  by  the  mining  camps  will  for  the  most  part  be  shipped  in  by 
rail  or  driven  across  from  California. 

TOWNS. 

The  towns  of  this  desert  mining  territory  typify  both  the  push  and 
energy  of  the  western  pioneer  and  the  unstable  conditions  of  new  gold 
fields.  With  the  report  of  a  rich  discovery  a  town  of  100  tents  rises 
in  a  day,  only  to  disappear  almost  as  rapidly  if  the  new  find  falls  short 
of  expectations.     The  population  of  all  the  towns  fluctuates  greatly. 

Tonopah,  with  a  population  of  about  8,000,  lies  4  miles  north  of  the 
area  and  is  the  county  seat  of  Nye  County,  Nev.  It  has  a  number  of 
prosperous  mines  and  is  the  shipping  point  for  some  of  the  northern 
and  northeastern  mining  camps  of  the  area  under  discussion.  Tono- 
pah is  the  terminus  of  a  railroad  and  has  electric  light,  city  water, 
telephones,  newspapers,  both  daily  and  weekly,  banks,  churches,  and 
schools. 

Goldfield,  with  a  population  of  about  9,000,  has  valuable  gold  mines 
and  is  the  present  terminus  of  the  Tonopah  and  Goldfield  Railroad. 
Like  Tonopah,  it  has  most  of  the  essentials  of  city  life,  and  the  num- 
ber of  substantial  buildings  is  surprising  in  consideration  of  the  fact 
that  the  first  tent  was  pitched  here  in  January,  1904.  Columbia,  a 
rival  town,  adjoins  Goldfield  and  has  its  own  post-office.  Goldfield 
and  Columbia  are  supply  points  for  the  prospectors  and  miners  in  the 
central  portion  of  the  territory  here  described. 

Rhyolite,  Bullfrog,  and  Beatty  are  rival  towns  of  the  Bullfrog  min- 
ing district.  Rhyolite  and  Bullfrog,  whose  main  streets  meet,  have  a 
total  population  of  approximately  2,500.  Each  has  its  own  post- 
oflSce,  water  system,  and  newspapers,  and  the  two  have  common  tele- 
graph and  telephone  systems.  The  towns  were  founded  in  January, 
1905,  and  already  contain  a  number  of  substantial  stone,  wood,  and 
adobe  buildings.  Beatty,  4  miles  east  of  Rhyolite,  is  situated  on 
Amargosa  River  and  has  a  population  of  700.  It  has  about  the  same 
improvements  as  Bullfrog  and  Rhyolite.  These  three  towns  are  the 
fHipply  points  for  the  southern  portion  of  the  area,  (jold  Center,  a 
tent  town  of  40  inhabitants,  is  situated  2  miles  below  Beatty,  on 
Amargosa  River. 

Silverbow,  on  the  east  side  of  the  Kawich  Range,  has  a  post-office 
and  a  weekly  newspaper.  Kawich  is  a  mining  camp  and  post-office 
on  the  west  side  of  the  Kawich  Range.  The  number  of  inhabitants 
fluctuates  and  has  varied  from  50  to  400.  Lida  is  a  mining  camp  of 
the  seventies  revived.  At  present  it  has  a  population  of  200.  Thorp, 
more  commonly  known  as  Montana  Station,  is  a  post-office  and  stage 
station.    Travelers  can  find  accommodations  for  man  and  beast  at 
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Ramsey  Well,  Klondike  Well,  Cactus  Spring,  Tokop,  Cuprite,  Currie 
Well,  Miller  Well  No.  1,  and  Ash  Meadows. 

RAILROADS  AND  STAGES. 

The  Tonopah  and  Goldfield  Railroad  is  a  broad-gage  line,  con- 
necting with  the  Union  Pacific  Railroad  at  Hazen,  Nev.  The  Car- 
son and  Colorado  Railroad  in  Owens  Valley  is  from  25  to  45  miles 
west  of  the  western  border  of  the  area.  The  San  Pedro,  Los  Angeles 
and  Salt  Lake  Railroad,  commonly  called  the  Clark  road,  is  from  40 
to  75  miles  east  of  the  area.  A  railroad  has  been  surveyed  from 
Goldfield  to  Bullfrog  and  two  branches  are  projected  from  the  Clark 
road  to  the  same  point.  The  position  of  the  railroads  is  shown  on 
the  sketch  map  (fig.  1).  A  daily  stage  runs  from  Goldfield  and 
another  from  Las  Vegas  to  the  towns  of  the  Bullfrog  district.  The 
trip  from  Goldfield  takes  about  fourteen  hours,  from  Las  Vegas 
thirty-two  hours.  Daily  or  semidaily  automobiles  make  the  run  from 
Goldfield  to  Bullfrog  in  four  to  six  hours.  Lida  and  Goldfield, 
Kawich  and  Tonopah,  and  Silverbow  and  Tonopah  are  connected  by 
daily  stages. 

ROADS  AND  TRAILS. 

Good  roads  and  trails  cross  the  area  in  all  directions  and  few  coun- 
tries so  sparsely  populated  are  so  accessible.  The  road  gradient  is 
low,  although  in  the  mountains  short  stretches  are  steep.  Teaming  is 
heavy  in  the  sand  surrounding  the  playas  and  in  some  of  the  stream 
gravels.  Roads  on  playa  clays  are  smooth  and  hard  except  after 
heavy  rains,  when  wagons  sink  hub  deep  in  the  sticky  clay.  Roads 
and  trails  are  shown  on  the  geologic  map  (PI.  I).  Few  places  are 
impassable  to  a  pack  train,  and  a  wagon  can  go  anywhere  in  the  lower 
hills  and  mountains. 

8TRATIGRAPHIC  GEOIiOGY. 

It  is  proposed  iii  this  section  to  describe  briefly  the  formations  of 
southwestern  Nevada  and  eastern  California  (fig.  3)  and  to  outline 
the  general  distribution  of  each.  They  are  described  in  detail  under 
each  geographic  subdivision  in  the  section  on  descriptive  geology.  It 
will  be  convenient  to  take  the  formations  up  in  order,  from  the  oldest 
to  the  youngest,  irrespective  of  their  sedimentary  or  igneous  origin. 
Owing  to  the  lack  of  continuity  and  the  complex  structure  of  the  Pale- 
ozoic rocks,  their  description  is  less  accurate  than  that  of  the  younger 
formations.  The  stratigraphic  units  of  the  Eureka"  (Nev.)  section 
are  used  as  type  formations  for  the  Paleozoic  rocks. 

PRE-CAMBRIAN. 

The  presence  of  pre-Cambrian  rocks  was  not  definitely  determined. 
The  Prospect  Mountain  quartzite  (Lower  Cambrian)  of  the  Specter 


•  Hajfue,  Arnold,  Mon.  U.  S.  Geol.  Survey,  vol.  20,  1892,  p.  13. 

Digitized  by  VjOOQIC 


i 


Digitized  by  VjOOQIC 


A         k. 


Digitized  by  VjOOQIC 


COLUMNAR   SECTION. 


27 


laiige  contains  pebbles  of  quartzite,  jasperoid,  and  vein  or  pegniatitic 
uartz  derived  from  pre-Cambrian  formations.  The  mica  schist  of 
he  Bullfrog  Hills  is  pre-Ordovician,  and  although  considered  of  Cam- 
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brian  age,  it  may  be  pre-Cambrian.  The  schist  at  Trappmans  Camp 
and  the  series  in  the  south  end  of  Amargosa  and  Panamint  ranges 
are  also  probably  Cambrian,  although  possibly  pre-Cambrian. 

a  Rocks  below  this  are  cut  by  granite,  which  in  turn  is  cut  by  monzonite  porphyry,  and  this  in  turn 
by  diorite  porphyry. 
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CAMBRIAN. 

In  the  Specter  Range  from  2,000  to  8,000  feet  of  quartzite  and  con- 
glomeratic quartzite  conformably  underlie  limestone  containing  Cam- 
brian fossils.  The  rather  impure  quartzite,  which  grades  into  minor 
beds  of  slaty  shale,  is  probably  the  equivalent  of  the  Prospect  Moun- 
tain quartzite  «  described  by  Hague,  from  the  Eureka  district.  I.«ess 
certainly  to  be  correlated  with  this  formation  is  the  quartzite  with 
intercalated  schist  and  marble  beds  of  the  Amargosa  and  Panamint 
ranges,  a  rock  series  which  may  possibly  be  of  pre-Cambrian  age. 

Conformably  overlying  the  Prospect  Mountain  quartzite  in  the 
Specter  Range  is  a  limestone  apparently  from  5,000  to  6,000  feet  thick, 
which  is  probably  to  be  correlated  with  the  Prospect  Mountain  lime- 
stone «  of  Hague.  The  limestone  is  dark  gray,  compact,  fine  grained, 
and  crystalline.  Black  chert  occurs  at  certain  horizons.  In  the  Sil- 
ver Peak  Range,  Stonewall  Mountain,  the  Goldfield,  Southern  Klon- 
dike, Lone  Mountain,  and  Mount  Jackson  hills,  and  Slate  and  Gold 
Mountain  ridges  occur  rocks  that  are  in  part  at  least  of  Lower  Cam- 
brian age.  The  predominant  meml)er  is  a  dense  dark -gray  limestone 
of  finely  crystalline  texture.  As  a  rule  it  is  massively  bedded.  In  a 
number  of  places  this  limestone  has  been  silicified  to  a  banded  gray 
and  black  jasperoid.  Interbedded  with  the  limestone  are  layers  of 
green  slaty  shale,  usually  finely  laminated.  In  the  Silver  Peak  Range 
and  the  Lone  Mountain  foothills  the  shale  reaches  a  thickness  of 
1,000  feet.  These  rocks,  in  part  at  least,  are  the  equivalent  of  the 
Prospect  Mountain  limestone,  although  lithologically  rather  distinct 
from  that  formation  in  the  type  locality. 

Of  less  certain  Cambrian  age  are  the  mica  schists  of  the  Bullfrog 
Hills,  Tolicha  Peak,  and  Trappmans  Camp.  The  Secret  Canyon  shale 
and  the  Hamburg  limestone"  and  shale  were  not  recognized,  and  the 
Cambrian  limestones  appear  to  pass  upward  without  distinct  litho- 
logic  break  into  the  Pogonip  limestone. 

ORDOVICIAN  AND  SILURIAN. 

The  Pogonip  limestone  as  described  by  Hague  ^  is  2,700  feet  thick 
and  contains  Upper  Cambrian  fossils  at  its  base  and  Ordovician  fos- 
sils in  its  middle  and  upper  portions.  At  Eureka  it  overlies  the 
Hamburg  shale"  conformably,  while  in  southwestern  Nevada  it  seems 
to  succeed  the  Cambrian  limestone  without  marked  lithologic  change. 
The  Pogonip  limestone  is  well  exposed  in  the  Belted,  Amargosa, 


"  Present  usage  of  the  Survey  does  not  sanction  the  double  use  of  formation  names,  as 
Prospect  Mountain  quartzite  and  Prospect  Mountain  limestone,  but  as  this  reconnais- 
sance paper  Is  not  the  place  to  propose  new  names,  they  are  retained  as  used  by  Hague. 

"  Hague,  Arnold,  Mon.  U.  S.  Geol.  Survey,  vol.  20,  pp.  48-54. 
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and  Panamint  ranges  and  in  Bare  Mountain,  while  transitional  beds 
between  it  and  the  Eureka  quartzite  occur  in  the  Kawich  Range  and 
a  small  area  of  what  is  probably  the  Pogonip  limestone  is  situated 
in  the  Cactus  Range.  The  limestone  is  dark  gray,  fine  to  medium 
grained,  and  dense.  It  is  distinguished  from  the  Cambrian  lime- 
stones, already  described,  by  a  somewhat  lighter  color,  a  slightly 
coarser  and  less  crystalline  texture,  and  rather  more  massive  bed- 
ding. Near  the  center  of  the  section,  which  ranges  in  thickness  from 
2,000  to  4,000  feet,  is  about  100  feet  of  white  or  pinkish  quartzite. 
The  transitional  rocks  from  the  Pogonip  to  the  overlying  Eureka 
quartzite  are  an  interbedded  series  of  limestone,  shale,  and  quartzite. 

The  Eureka  (Ordovician)  quartzite  described  by  Hagu§  as  over- 
lying conformably  and  without  transitional  l)eds  the  Pogonip  lime- 
stone was  recognized  on  stratigraphic  grounds  in  the  Amargosa 
and  Kawich  ranges,  in  the  Bullfrog  Hills,  and  on  Bare  Mountain, 
while  in  the  Cactus  Range  and  the  hills  between  it  and  the  Kawich 
Range  quartzite  areas  isolated  in  Tertiary  or  Recent  rocks  are  con- 
sidered its  equivalent.  The  Eureka  quartzite  in  southwestern  Nevada 
is  a  typically  white  or  pink,  fine  to  medium  grained,  pure  metamor- 
phosed quartzose  sediment.  Some  beds,  however,  are  conglomeratic 
quartzites,  while  others  are  argillaceous  and  grade  into  thin,  inter- 
l^eaded  sheets  of  dark-colored  slaty  shale.  It  varies  from  the  quartz- 
ite of  Hague  chiefly  in  two  characteristics — first,  its  greater  thick- 
ness, reaching  1,200  to  1,500  feet  in  the  Kawich  Range,  and,  second, 
in  being  underlain  by  interbedded  quartzites,  shales,  and  limestones, 
transitional  becb  from  the  Pogonip  limestone. 

Hague"  gave  to  the  uppermost  division  of  the  Ordovician  and 
Silurian  rocks  at  Eureka  the  name  "  Lone  Mountain  limestone."  This 
formation  lies  unconformably  upon  the  Eureka  quartzite  and  is 
1,800  feet  thick.  It  consists  of  black,  gritty  limestones  at  the  base, 
which  pass  upward  into  light-gray,  siliceous  limestones.  Its  fos- 
sils include  both  Trenton  and  Niagara  faunas.  In  the  Amargosa 
and  Kawich  ranges  and  the  Bullfrog  Hills  the  Lone  Mountain  lime- 
stone Is  a  gray,  dense  rock,  of  which  about  400  feet  is  exposed. 

DEVONIAN. 

No  Devonian  formations  were  found  in  the  course  of  the  present 
work,  and  while  such  rocks  may  have  l^een  overlooked  or  may  lie 
buried  beneath  Tertiary  lavas  it  is  tentatively  l)elieved  that  this 
portion  of  Nevada  was  a  land  mass  during  at  least  the  greater  part 
of  Devonian  time.  The  alternative  hypothesis  is  that  the  Devonian 
beds  were  eroded  away  during  post-Mississippian  and  pre-Penn- 
sylvanian  time,  a  period  of  important  erosion  in  many  portions  of 
the  West. 

•  Hague,  Arnold,  Mon.  U.  S.  Geol.  Survey,  vol.  20,  1892,  pp.  57-59. 
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CARBONIFEROUS. 

Hague  ^  describes  the  Weber  conglomerate  at  Eureka  as  consisting 
of  2,000  feet  of  coarse  and  fine  conglomerate  containing  angular  and 
rounded  fragments  of  chert,  interbedded  with  reddish-yellow  sand- 
stones, and  lying  conformably  between  the  limestones  of  the  lower 
and  the  upper  '*  Coal  Measures.''  In  the  Belted  Range  the  Pennsyl- 
vanian  limestone  is  underlain  by  300  to  500  feet  of  shale,  which  in 
turn  overlies  800  to  1,000  feet  of  sandstone.  The  shales  are  thin 
bedded  and  of  green,  gray,  or  brown  color.  The  sandstone  is  in 
part  a  rather  pure  quartzose  rock  and  in  part  an  arkose.  Inter- 
bedded conglomerates  contain  well-rounded  pebbles  of  limestone, 
quartzite*  flint,  and  jasperoid,  evidently  derived  from  early  Paleo- 
zoic rocks.  Lithologically  similar  beds  occur  in  the  Cactus  Range. 
These  rocks  are  probably  the  equivalent  of  the  Weber  conglomerate 
at  Eureka. 

Pennsylvanian  limestone  also  occurs  in  the  Panamint  and  Reveille 
ranges  and  forms  a  small  area  on  Shoshone  Mountain.  This  limestone 
is  dense,  dark  gray  or  black,  and  fine  to  medium  grained.  Specimens 
from  many  beds  emit  a  fetid  odor  when  hit  with  the  hammer.  Nod- 
ules of  black  flint  are  characteristic  at  many  horizons.  The  limestone 
in  the  Belted  Range,  2,500  feet  thick,  has  ^leac.  its,  centre  S&.fee.L.of 
limestone  conglomerate. 

POST-JURASSIC  AND  PRE-TERTIARY  IGNEOUS  ROCKS. 

The  ^anite  and  associated  rocks  of  the  Belted  and  Panamint 
ranges,  of  Pahute  Mesa,  and  of  the  Gold  Mountain  ridge  contain 
fragments  of  gray,  fine-grained  monzonite  and  quartz-monzonite 
porphyry.  These  fragments,  while  clearly  somewhat  older  than  the 
rocks  in  which  they  occur,  are  massive  and  possibly  represent  an 
earlier  solidification  of  the  magma,  from  which  the  granitic  rocks  were 
afterwards  differentiated.  These  rocks  include  types  ranging  on 
the  one  hand  from  alaskite  through  muscovite,  muscovite-biotite,  and 
biotite  granites  to  a  quartz  monzonite  approaching  granodiorite, 
and  on  the  other  hand  from  a  soda-rich  granite  to  soda  syenite. 
While  the  granitoid  rocks  in  the  areas  shown  on  the  map  are  of 
rather  constant  composition,  transitions  occur  in  a  single  area.  In 
the  Gold  Mountain  ridge,  for  example,  of  two  ledges  separated  by 
less  than  10  feet,  one  is  a  microcline-granite  porphyry  and  the  other 
a  hornblende  -  bearing  quartz  -  monzonite  porphyry.  Porphyritic 
types  of  the  granitoid  rocks  occur,  as  well  as  aplites  and  pegmatites, 
later  differentiations  of  the  same  magma. 

These  granitoid  rocks  are  widely  distributed  over  the  region  under 
consideration,  although  they  cover  larger  areas  in  the  western  portion. 

•Hague,  Arnold,  Mon.  U.  S.  Geol.  Survey,  vol.  20,  1892,  pp.  91-92. 
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Similar  rocks  are  the  predominant  formation  from  longitude  117° 
80%  the  border  of  the  region,  westward  to  the  Sierra  Nevada." 

From  the  uniform  amount  of  mashing  which  these  rocks  have  suf- 
fered it  is  evident  that  all  are  approximately  of  the  same  age.  They 
intrude  the  Paleozoic  rocks  where  the  two  are  in  contact,  and  frag- 
ments of  them  are  included  in  Tertiary  lavas.  The  youngest  of  the 
Paleozoic  rocks  is  of  Pennsylvanian  age  and  the  earliest  lava  is  prob- 
ably Eocene;  in  consequence  the  granites  are  of  post-Carboniferous 
and  pre-Eocene  age.  It  is  shown  in  the  section  on  geologic  history 
(p.  39)  that  the  close  folding  of  the  Paleozoic  rocks  occurred  in  post- 
Jurassic  time  and  the  granite  intrusion  is  believed  to  have  been  a  rela- 
tively late  event  in  this  period  of  deformation,  an  inference  supported 
by  the  comparatively  unmashed  condition  of  the  granites.  Their  post- 
Jurassic  age  is  thus  probable,  a  conclusion  in  accord  with  that  of 
Spurr  for  the  granites  of  Silver  Peak*  and  Goldfield'^  and  that  of 
Louderback*'  for  those  of  the  Humbolt  region.  This  would  make 
these  granitoid  rocks  essentially  contemporaneous  with  the  gran- 
odiorite  of  the  Sierra  Nevada. 

Dikes  and  sheets  of  a  ferromagnesian-poor  quartz-monzonite  por- 
phyry intrude  Paleozoic  sedimentary  rocks  and  granite  of  the  Silver 
Peak  and  Panamint  ranges  and  of  Slate  Ridge.  This  rock  near 
Lida  is  apparently  cut  by  the  diorite  porphyry  described  in  the  next 
paragraph.  It  is  presumably  a  second  intrusion  of  the  granitic 
magma. 

Dikes  of  diorite  porphyry  and  fewer  intrusive  masses  of  diorite 
occur  in  the  Silver  Peak,  Panamint,  Amargosa,  and  Cactus  ranges, 
the  Gold  Mountain  and  Slate  ridges,  and  the  Bullfrog,  Mount  Jack- 
son, and  Lone  Mountain  hills.  These  rocks  typically  contain  brown 
hornblende.  They  are  younger  than  the  Paleozoic  rocks  and  the 
igneous  rocks  already  described  and  nowhere  were  they  observed 
cutting  Tertiary  lavas.  Pebbles  of  diorite  porphyry  occur  in  the 
Siebert  lake  beds  (Miocene)  and  the  rock  is  probably  of  post- 
Jurassic  and  pre-Tertiary  age.  Its  intrusion  was  the  last  event  in 
the  pre-Tertiary  igneous  activity. 

TERTIARY. 

The  Tertiary  rocks  include  a  number  of  igneous  rocks,  lava  flows 
and  fewer  intrusive  masses,  and  sediments  laid  down  in  lakes.  The 
accompanying  table  presents  correlations  of  the  Tertiary  rocks  of 
the  various  ranges 

•  Spurr,  J.  E.,  Bnll.  U.  S.  Geol.  Survey  No.  208,  1903,  PI.  I. 

»  Spurr,  J.  E.,  Bimonthly  Bull.  Am.  Inst.  MIn.  Eng.,  1905,  No.  5,  p.  955. 

*  Spurr,  J.  E.,  Bull.  U.  S..  Geol.  Survey  No.  260,  1905,  p.  133. 

'  Louderback,  O.  D.,  Bull.  Geol.  Soc.  America,  vol.  15,  1904,  p.  336. 
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The  oldest  of  the  Tertiary  rocks  is  a  rhyolite  which  occurs  in 
Stonewall  Mountain.  This  occupies  a  similar  stratigraphic  posi- 
tion with  rhyolites  in  the  Panamint  Range,  in  the  Randsburg  dis- 
trict, and  near  Daggett  in  the  Mohave  Desert,  which,  according  to 
Rpurr,«  lie  beneath  "  lake  beds  which  are  probably,  in  part  at  least. 
Upper  Eocene."  This  rhyolite  in  Stonewall  Mountain  is  cut  by 
dikes  of  quartz-monzonite  porphyry  and  quartz  syenite,  which  are 
probably  contemporaneous  with  monzonite  porphyry,  quartz-mon- 
zonite porphyry,  hornblende-biotite  latite,  and  biotite  andesite  of 
other  ranges.  These  rocks  are  in  pai*t  intrusive  Inasses  and  in  part 
flows.  Prior  to  the  succeeding  extrusion  of  rhyolite  these  rocks  of 
siliceous  andesitic  and  monzonitic  composition  were  eroded,  uncon- 
formities being  observed  in  the  Kawich,  Amargosa,  and  Cactus 
ranges,  in  the  Bullfrog  Hills,  and  in  Shoshone  and  Skull  mountains. 
Then  followed  an  extrusion  of  rhyolite,  with  minor  siliceous  latites 
and  dacites,  which  was  attended  by  insignificant  basalt  flows.  Tliis 
period  of  extrusion  of  rhyolitic  lavas,  the  most  important  in  this 
portion  of  the  Great  Basin,  was  not,  however,  strictly  contempora- 
neous over  the  whole  area;  it  is  believed,  for  example,  that  the 
earlier  rhyolite  of  Goldfield  represents  only  the  base  of  the  rhyolite 
series  of  the  Bullfrog  Hills,  and  that  the  upper  portions  of  the  Bull- 
frog mass  may  have  been  extravasated  while  the  andesites  and 
dacites  of  Goldfield  were  solidifying.  This  rhyolite  is  everywhere 
separated  from  the  Siebert  lake  beds  by  a  marked  erosional  uncon- 
formity, and  in  the  Kawich  and  possibly  in  the  Cactus  Range  it  is 
separated  by  an  erosional  unconformity  from  the  succeeding  andes- 
ites. The  next  younger  igneous  rocks,  which  are  confined  to  the 
northern  half  of  the  area  mapped,  are  basic  andesites  and  dacites. 
These  two  rocks  were  found  in  contact  only  in  the  area  covered  by 
the  Goldfield  special  map,  and  here  Mr.  F.  L.  Ransome  ^  found  the 
dacites  intrusive  into  the  andesites.  The  succeeding  igneous  rocks 
are  rhyolites  and  siliceous  latites  and  dacites  which  occur  only  in 
the  Goldfield  and  Southern  Klondike  hills  and  the  Silver  Peak 
Range.  In  the  latter  two  localities  at  least  these  rocks  are  inter- 
bedded  with  the  Siebert  lake  beds  without  erosional  unconformity. 

Thick  masses  of  sediments  occur  in  the  majority  of  the  ranges  of 
the  area,  and  on  lithologic  and  stratigraphic  grounds  are  correlated 
with  the  Siebert  lake  beds  of  Miocene  age  at  Tonopah  described  by 
Spurr.^  These  tuffaceous  sandstones  and  conglomerates,  largely  com- 
posed of  rhyolitic  material,  reach  an  observed  maximum  thickness  (in 
the  Amargosa  Range)  of  1,150  feet. 

«  Spurr.  J.  E.,  Jour,  (leol.,  vol.  8,  lOOO,  p.  633. 

*•  Oral  communication. 

"  Spurr,  J.  E.,  Prof.  Paper  U.  8.  Geol.  Survey  No.  42,  1905,  pp.  51-55,  69-70, 
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Before  the  deposition  of  the  Siebert  lake  beds  ceased  rhyolites  and 
siliceous  latites  and  dacites  outflowed.  In  some  of  the  ranges  these 
are  folded  with  the  lake  beds;  in  others  they  lie  upon  the  tilted 
and  eroded  surfaces  of  the  sediments.  During  and  immediately  after 
the  extrusion  of  these  siliceous  rocks  tuffaceous  sediments  were 
deposited  in  several  of  the  ranges  in  the  northwestern  part  of  the 
area,  and  these  are  in  part  probably  equivalent  to  the  Humboldt 
series,  the  deposits  o^  the  Shoshone  Lake  (late  Pliocene)  of  King.* 
The  older  alluvium,  so  widely  distributed,  particularly  in  the  inclosed 
valleys,  represents  ancient  playa  deposits  and  alluvial  slopes  of  what 
was  probably  the  Pleistocene  residuum  of  this  lake.  The  early  stages 
of  Shoshone  Lake  were  followed  immediately  by  basalt  flows  which 
cover  wide  areas  in  southwestern  Nevada  an(^  eastern  California. 
In  several  of  the  ranges  these  basalts  were  preceded  by  basic  pyr- 
oxene andesites.  While  the  basalt  is  thus  largely  of  late  Pliocene 
age,  its  extrusion  began  during  the  deposition  of  the  Siebert  lake 
beds,  basalt  flows  occurring  near  the  top  of  these  sediments  in  the 
Amargosa  Range  and  the  Goldfield  hills,^  and  probably  in  the  Moni- 
tor Hills.  Some  of  the  basalt  cones  are  remarkably  fresh  and  are 
certainly  of  Pleistocene  age,  and  it  is  by  no  means  impossible  that 
volcanism  has  not  ceased  in  this  portion  of  the  Basin  Range. 

The  succession  of  the  lavas  of  the  Great  Basin  has  recently  been 
treated  at  length  by  Spurr.''  His  succession  for  the  petrographic 
province  of  the  Great  Basin  and  that  of  the  writer  for  the  portion  of 
that  province  here  treated  are  practically  identical.  Both  assign 
the  first  rhyolite  to  the  end  of  Cretaceous  and  to  Eocene  time.  It  is 
l^elieved,  however,  from  the  length  of  time  indicated  by  the  complex 
history  of  extrusion  and  erosion  intervening  between  this  rhyolite  and 
the  deposition  of  the  Siebert  lake  beds,  that  the  monzonites  and  acidic 
andesites  may  well  also  be  in  part  Eocene,  while  the  second  rhyolite  is 
believed  to  be  largely  of  early  Miocene  age.  The  andesite  and  dacite 
are  also  of  comparatively  early  Miocene  age,  while  the  third  rhyolite 
covers  the  middle  and  late  Miocene  and  early  Pliocene.  The  basalts 
range  in  age  from  late  Miocene  to  Pleistocene,  the  major  extrusions 
occurring  in  late  Pliocene  and  Pleistocene  time.  As  to  the  genetic 
relations  gf  the  magmas,  the  writer  is  wholly  in  accord  with  the  views 
of  Spurr  in  the  article  already  cited.  He  believes  that  the  Tertiary 
lavas  of  the  Great  Basin  are  the  representatives  of  two  complete 
cycles  of  the  differentiation  of  a  magma  of  medium  composition  into 
acidic  and  basic  lavas  and  that  probably  the  end  of  a  still  earlier  cycle 
is  also  represented. 

«  King,  Clarence,  U.  8.  Geol.  Explor.  40th  Par.,  vol.  1,  1878,  pp.  434,  456. 

*Oral  communication  from  Mr.  F.  L.  Ransome. 

«  Spurr,  J.  E.,  Jour.  Geol.,  vol.  8,  1900,  pp.  621-646. 
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PLEISTOCENE  AND  RECENT. 
TRAVERTINE. 

At  Alkali  Spring,  11  miles  northwest  of  Goldfield,  is  a  low  dome 
200  feet  long  formed  of  platy  masses  of  grayish-brown  travertine. 
This  was  the  vent  of  the  spring  probably  in  late  Pleistocene  time. 

DESERT   GRAVELS. 

The  desert  gravels  cover  the  surface  of  the  broad  valleys  above  the 
playas  and  fill  valleys  of  erosion  in  the  mountains.  They  extend  over 
about  45  per  cent  of  the  area  mapped.  These  detrital  deposits  are 
composed  of  bowlders,  pebbles,  and  sand.  Many  of  the  angular  or 
subangular  bowlders  near  the  mountains  are  6  feet  in  diameter;  near 
the  playas  the  bowlders  grade  into  pebbles,  measuring  one-half  inch 
or  less.  Some  bowlders  of  quartzite  show  small  crescentic  fractures, 
and  some  of  fine-grained  limestones  show  white  crushed  spots;  these 
ore  due  to  the  impact  of  one  bowlder  against  another  during  rapid 
transportation  such  as  is  characteristic  of  cloudbursts.  Near  the 
mountains  the  gravels  are  but  slightly  stratified,  and  here  cross- 
bedding  and  slight  erosional  unconformities  are  common.  Qn  the 
border  of  playas  layers  of  small  pebbles  and  sand  are  regularly  in- 
terbedded  with  laminae  of  playa  clay.  The  material  of  these  detrital 
deposits  is  undecomposed,  and  if  consolidated  would  form  a  secondary 
rock  of  practically  the  same  chemical  composition  as  the  rock  from 
the  debris  of  which  it  was  derived.  Calcium  carbonate  is  a  common 
cement  particularly  adjacent  to  limestone  and  basalt  outcrops.  In  a 
number  of  the  aiToyos  shelves  along  the  sides  and  tiny  scarps  in  the 
channels  mark  lime-cemented  conglomerates.  Gypsum  and  silica  also 
occur  as  cements  at  a  few  places. 

The  thickness  of  the  desert  gravels  is  unknown.  In  some  of  the  in- 
closed valleys  lava  flows  and  older  alluvium  are  exposed  here  and 
there  and  probably  underlie  the  valley  at  no  great  depth.  In  other 
valleys,  however,  the  gravels  probably  reach  a  thickness  of  hundreds 
and  possibly  thousands  of  feet.  The  Amargosa  mine  at  Bullfrog, 
which  is  situated  about  five-sixteenths  of  a  mile  from  the  rhyolite 
ridges,  has  been  sunk  330  feet  in  detrital  deposits.  Wells  have  been 
put  down  in  other  valleys  to  depths  of  75  to  275  feet,  and,  while  the 
records  are  very  imperfect,  it  is  apparent  that  they  have  not  passed 
through  the  desert  gravels. 

These  gravels  in  large  part  make  up  alluvial  fans  and  the  contigu- 
ous alluvial  slopes;  in  minor  part  they  form  cliff  taluses.  Where  no 
playa  exists  there  is  a  zone  in  the  center  of  the  valley  in  which  the 
material  is  derived  from  the  mountains  on  both  sides,  since  cloud- 
bursts, first  from  one  range  and  then  from  the  other,  push  the  debris 
across  the  median  drainage  line. 
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I  The  desert  gravels  on  the  surface  are  without  question  still  accu- 
mulating and  are  in  part  of  Becent  age.  Their  deposition,  however, 
is  slow,  and  from  their  thickness  it  is  probable  that  the  lower  portions 
of  the  formation  are  of  Pleistocene  age.  The  length  of  time  re- 
quired for  their  accumulation  is  indicated  not  only  by  the  present  in- 
frequency  of  cloudbursts.  Embedded  in  the  gravels  are  pebbles 
deeply  scored  by  wind  erosion  on  the  exposed  side,  while  the  under 
surface  is  untouched.  Such  pebbles  must  have  been  stationary  for 
long  periods.  The  alluvial  fans,  with  the  exception  of  a  single  chan- 
nel, are  superficially  stained  by  the  black  "  desert  varnish,"  a  proces 
also  requiring  a  considerable  period. 

PLAYA   DEPOSITS. 

Playa  deposits  composed  of  light-gray  or  white  fine  clay,  in  many 
places  arenaceous,  occupy  the  bottoms  of  nearly  all  the  inclosed  val- 
leys. Grotesque  concretions  of  calcium  carbonate  from  1  inch  to  8 
inches  in  length  are  locally  embedded  in  the  clay,  while  some  strata 
are  lime  cemented.  Salt  Flat  and  other  areas  mapped  as  playa  de- 
posits in  Death  Valley  differ  from  those  just  described  in  the  fact 
that  some  water  continually  stands  in  depressions  and  that  consider- 
able amounts  of  saline  material  are  being  deposited.  For  convenience 
several  areas  in  Oasis  Valley  have  been  mapped  as  playa  deposits. 
These  areas  are  occupied  by  clays,  loams,  and  sands  of  complex  origin, 
partly  playa  deposits,  partly  stream  alluvium,  and  partly  wind- 
deposited  sand.  The  thickness  of  the  playa  deposits  is  unknown, 
although  from  their  mode  of  origin  it  is  believed  that  they  are  thinner 
than  the  desert  gravels  in  the  same  basin. 

•  During  periods  of  unusual  precipitation  the  playas  are  wholly  or 
partially  covered  by  water,  and  at  such  periods  some  fine  detrital 
material  is  washed  into  them.  More  or  less  wind-blown  sand  becomes 
mixed  with  the  clay,  and  on  desiccation  of  the  temporary  lakes  chem- 
ical deposits  are  formed.  The  playa  deposits  are  of  late  Pleistocene 
and  Recent  age. 

SAND   DUNES. 

Large  sand  dunes  are  confined  to  the  southern  portion  of  the  area 
mapped,  although  smaller  dunes  border  all  the  playas.  Big  Dune,  in 
the  Amargosa  Desert,  is  300  feet  high,  and  lower  ones,  similarly  per- 
fect in  contour,  occur  in  Death  Valley.  These  are  said  to  retain  their 
general  position  from  year  to  year,  their  situation  apparently  being 
determined  by  wind  eddies.  Some  of  the  smaller  dunes  are  directly 
dependent  on  the  desert  shrubbery  for  their  existence  (PI.  II.  B)^ 
while  the  position  of  those  on  higher  ground  is  evidently  determined 
by  the  protecting  influence  of  surrounding  hills. 
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PAHUTE  MESA 
Showing  benches  determined  by  resistant  flows  of  basalt. 


}i.     DEATH  VALLEY. 
Showing  sand  dunes  protected  by  desert  shrubbery  (mesquite  and  creosote  bush). 
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DEFINITIONS  OF  IGNEOUS  ROCKS. 

The  various  igneous  rocks  which  occur  in  the  area  under  discussion 
are  simply  defined  below  for  the  benefit  of  the  nontechnical  reader. 

Alaskite  is  a  granular  rock  of  white  or  light-gray  color.  It  is  com- 
posed almost  entirely  of  quartz  and  orthoclase.**  It  is  a  granite  lack- 
ing mica  and  hornblende. 

Andesite  is  a  porphyritic  rock;  that  is,  it  has  visible  crystals 
(phenocrysts)  embedded  in  a  finer-grained,  often  glassy  groundmass. 
The  most  conspicuous  features  are  the  phenocrysts  of  hornblende  or 
biotite  or  augite  and  plagioclase. 

Aplite  is  here  applied  to  a  finely  granular  rock  which  usually  oc- 
curs in  dikes  cutting,  for  example,  a  granite.  The  aplite,  which  as  a 
rule  is  more  siliceous  than  the  granite,  in  many  instances  has  solidified 
from  a  portion  of  the  granite  mass  that  is  still  liquid  at  great  depths. 

Basalt  is  a  black  or  dark-gray  rock  which  is  often  porous  through 
the  presence  of  steam  holes.  Crystals  of  olivine,  plagioclase,  and 
pyroxene  may  or  may  not  be  visible  in  the  dense  or  finely  granular 
groundmass. 

Dacite  may  be  briefly  defined  as  a  quartz-bearing  andesite.  The 
more  basic  dacites  closely  resemble  andesites,  while  siliceous  dacites 
are  closely  connected  by  transition  rocks  to  rhyolite  and  might  be  con- 
fused with  rhyolite  were  it  not  for  the  presence  of  plagioclase  crys- 
tals. 

Diorite  is  a  gray  granular  rock  which  is  composed  essentially  of 
plagioclase  and  hornblende,  while  biotite  or  augite  may  also  be  pres- 
ent. Diorite  and  andesite  are  similar  chemically,  but  differ  textur- 
ally. 

Diorite  porphyry  is  a  rock  of  the  composition  of  diorite  with  abun- 
dant crystals  of  plagioclase,  hornblende,  and  biotite.  The  ground- 
mass  is  finely  granular. 

Granite  is  a  granular  rock  of  pink  or  gray  color.  It  is  composed  of 
orthoclase,  quartz,  arid  either  muscovite,  biotite,  or  hornblende. 

Grdnite  porphyry  is  a  rock  of  porphyritic  habit  having  the  same 
composition  as  granite.  Quartz  and  orthoclase  are  the  more  common 
phenocrysts,  and  these  are  embedded  in  a  finely  granular  groundmass. 

Latite  is  a  porphvritic  rock  with  more  or  less  glassy  groundmass. 
Phenocrysts  of  orthoclase  and  plagioclase  are  present  in  equal 
amounts,  while  either  horablende,  augite,  biotite,  or  olivine  is  usually 
also  present.    Chemically,  latite  is  the  equivalent  of  monzonite. 

Monzonite  is  a  granular  rock  resembling  both  granite  and  diorite, 
but  containing  orthoclase  and  plagioclase  in  approximately  equal 

•Orthoclase  (alkali  feldspar)  Is  unstrlated ;  plagioclase  (soda-Ilme  feldspar)  is  stri- 
ated and  when  light  strikes  it  alternate  tiny  parallel  bands  reflect  the  light  simul- 
taneooBly. 
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amounts..  If  quartz  is  present,  the  rock  is  called  a  quartz  monzonite. 
It  is  usually  of  a  gray  color. 

Monzonite  porphyry  bears  the  same  relation  to  monzonite  as  granite 
porphyry  to  granite. 

Pegmatite  is  here  applied  to  a  coarsely  crystalline  rock  which  oc- 
curs as  dikes  in  some  other  rock — granite,  for  example — with  which 
it  practically  coincides  in  composition.  Such  rocks  are  probably 
foi*med  by  segregations  from  the  original  molten  mass  of  the  inclos- 
ing igneous  rock. 

Rhyolite  is  a  porphyritic  rock  with  glassy  base.  It  has  the  same 
chemical  composition  as  granite.  The  mast  abundant  phenocrysts  are 
orthoclase  and  quartz,  although  biotite,  augite,  and  hornblende  also 
occur. 

Syenite  is  a  granular  rock  usually  of  gray  color.  The  component 
minerals  are  orthoclase  and  hornblende  or  mica.  If  quartz  is  pres- 
ent, the  rock  is  called  a  quartz  syenite,  and  with  increase  in  this  con- 
stituent quartz  syenite  passes  into  granite.  Where  the  component 
minerals  are  rich  in  soda,  tlie  rock  is  a  soda  syenite. 

GEOIX)GIC  HISTORY. 

As  has  been  stated,  no  pre-Cambrian  formations  have  been  found 
in  the  area  studied,  but  the  Prospect  Mountain  quartzite  in  the 
Specter  Range  contains  pebbles  which  are  in  part  derived  from  sedi- 
mentary rocks  and  in  part  from  granite.  It  may  be  inferred,  there- 
fore, that  pre-Cambrian  rocks,  both  sedimentary  and  igneous,  at 
one  time  covered  areas  in  southwestern  Nevada  and  eastern  Cali- 
fornia. 

In  Cambrian  and  Ordovician  time  this  portion  of  the  Great  Basin 
was  part  of  a  sea  bottom  upon  which  sandstones  and  then  limestone 
and  finally  sandstones  were  laid  down.  The  sinking  of  the  sea  bot- 
tom progressed  step  by  step  with  the  deposition  of  the  sediments. 
King**  has  shown  that  the  eastern  border  of  the  land  surface  from 
which  the  sediments  were  derived  was,  in  the  latitude  of  the  fortieth 
parallel,  near  117°  30'  west  longitude,  while  the  shore  line  farther 
south  appears  from  Spurr's  map^  to  have  been  at  about  118°  15'. 
The  early  Paleozoic  rocks  of  the  area  studied  contain  a  greater  propor- 
tion of  sandy  sediments,  and  the  limestones  are  more  impure  than 
those  described  by  Hague  at  Eureka,  Nev.,  facts  in  harmony  with  the 
closer  proximity  of  this  area  to  the  old  continental  shore  line.  The 
presence  in  the  lower  Paleozoic  rocks  of  ripple  marks,  cross-bedding, 
intraformational  conglomerates,  and  oolitic  limestones  indicates  that 
the  sea  was  for  the  greater  portion  of  the  time  shallow,  and  locally, 
as  evidenced  b}'  sun  cracks,  the  deposits  were  even  raised  above  sea 

«  King,  Clarence,  U.  8.  Geol.  Explor.  40th  Par.,  vol.  1,  1878.  p.  247. 
*Spurr,  J.  E.,  Bull.  U.  S.  Geol.  Survey  No.  208,  1903,  PI  I. 
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level.  The  area  under  consideration  was,  indeed,  so  near  the  ancient 
shore  line,  naturally  a  zone  of  greatest  differential  uplift,  that  islands 
may  have  stood  at  times  above  the  surface  of  the  sea. 

Hague  ^  has  found  in  the  Eureka  district  a  marked  unconform- 
ity between  the  Eureka  quartzite  and  the  Lone  Mountain  lime- 
stone, and  according  to  his  description  younger  formations  overlap 
the  Eureka  quartzite.  Such  an  unconformity  was  not  definitely 
recognized  in  the  area  surveyed,  but  it  probably  exists.  The  appar- 
ent absence  of  Devonian  rocks  has  been  already  mentioned,  and  the 
alternative  hypotheses  are  presented  that  the  area  was  a  land  mass 
during  the  greater  portion  of  Devonian  time,  or  that  Devonian  rocks 
were  deposited  and  later  eroded.  Spurr  found  Devonian  rocks  18 
miles  south-southeast  of  Ash  Meadows^  and  5  miles  east  of  Point 
of  Rocks,''  and  his  map  shows  large  Devonian  areas  from  30  to  40 
miles  east  of  the  area  here  considered.  Whichever  of  these  hypothe- 
ses may  be  true,  it  is  evident  that  at  some  time  between  the  deposition 
of  the  Lone  Mountain  limestone  and  the  Weber  conglomerate  a  land 
mass  existed  over  a  portion  at  least  of  southwestern  Nevada  and 
eastern  California.  Not  only  were  the  Cambrian,  Ordovician,  and 
Silurian  rocks  uplifted  and  eroded,  but  the  limestones  were  cut  by 
calcite  veins  and  in  part  silicified  to  jasperoid,  and  the  sandstones 
were  cemented  to  quartzites  prior  to  their  inclusion  as  pebbles  in  the 
Weber  conglomerate.  Cementation  is  evident  not  alone  from  the 
presence  of  these  pebbles,  but  also  from  the  fact  that  the  early  Paleo- 
zoic quartzites  are  thoroughly  indurated,  while  the  Pennsylvanian 
sandstones  are  of  more  open  texture.  The  earliest  Carboniferous 
rocks  exposed  in  the  area  studied  are  of  Pennsylvanian  age,  and  it  is 
evident  that  during  that  period  the  area  again  formed  the  bottom  of  a 
sea,  which,  however,  during  the  deposition  of  the  Weber  conglomer- 
ate could  not  have  been  far  from  a  land  mass,  while  a  conglomerate 
in  the  Pennsylvanian  limestone  alsa  indicates  shallow-water  con- 
ditions. After  the  deposition  of  this  limestone  the  area  was  prob- 
ably lifted  above  the  sea  and  never  sank  beneath  it  again.  The 
period  of  Paleozoic  sedimentation  thus  concluded  was  unattended 
by  volcanism,  with  the  possible  exception  of  that  which  produced 
the  metamorphosed  basic  igneous  rocks  of  the  Amargosa  Range. 

King*  believed  that  contemporaneously  with  the  emergence  of 
this  portion  of  the  Great  Basin  above  the  sea  the  old  land  mass  to 
the  west  subsided  and  that  upon  it  were*  deposited  Triassic  and 
Jurassic  rocks.  He  further  believed  ^  that  the  ranges  of  western 
Nevada  were  formed  at  the  same  time  as  the  Sierra  Nevada,  or  at 

•  Hague,  Arnold,  Mod.  U.  S.  Oeol.  Survey,  vol.  20,  1892,  p.  57. 

»  Spurr,  J.  B.,  Bull.  U.  S.  Geol.  Survey  No.  208.  190.3.  pp.  197-198. 
'  Op.  cit.,  p.  161. 

•  King.  Clarence.  U.  S.  Geol.  Explor.  40th  Par.,  vol.  i.  187$.  p.  759. 

•  Op.  cIt,  p:  747. 
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the  close  of  the  Jurassic.  This  seems  very  probable  from  the  general 
parallelism  of  the  Nevada  ranges  with  the  Sierra  Nevada  crest  line, 
particularly  since  some  of  the  ranges  west  of  the  area  surveyed  are 
composed  of  folded  Triassic  and  Jurassic  rocks.  At  this  time  the 
Paleozoic  rocks  were  complexly  folded,  the  larger  proportion  of  the 
flexures  striking  west  of  north.  The  folding  in  some  places  is  close 
and  in  others  open,  being  particularly  intense  in  the  ranges  nearer  the 
Sierra,  such  as  the  Panamint  and  Amargosa  ranges.  It  was  accom- 
panied by  reverse  faulting.  These  post-Jurassic  structural  lines  have 
ever  since  their  formation  proved  to  be  lines  of  weakness,  of  which 
advantage  has  been  taken  by  later  deformation. 

After  considerable  folding  had  taken  place,  and  probably  before 
the  end  of  the  deformation,  granitoid  rocks  were  intruded  into  the 
Paleozoic  strata.  That  the  granite  intrusion  was  a  late  event  in  the 
deformation  is  indicated  by  the  massive  character  of  that  rock.  The 
intrusion  was  accompanied  by  local  buckling  of  strata,  by  contact 
metamorphism,  and  somewhat  less  directly  by  ore  deposition.  It 
was  followed  by  the  intrusion  of  a  quartz-monzonite  porphyry,  and 
later  of  diorite  porphyry  and  diorite. 

A  long  period  of  erosion,  extending  at  least  to  Eocene  time,  fol- 
lowed the  post-Jurassic  folding  and  consequent  mountain  building. 
This  period  was  probably  one  of  heavy  rainfall  and  large  rivers. 
No  estimate  can  be  formed  of  the  amount  of  erosion,  but  it  was 
sufficient  to  remove  from  the  granite  the  covering  beneath  which  it 
solidified.  Notwithstanding  the  length  of  this  erosion  period  no 
peneplain  was  formed ;  from  this  it  is  inferred  that  the  area  was  sub- 
jected to  successive  uplifts  while  being  eroded.  Where  exposed  be- 
neath the  oldest  Tertiary  formation  the  Palezoic  rocks  appear  to  have 
been  eroded  into  mountain  ranges,  many  of  which  have  a  north- 
Kouth  extension.  Some  of  these  mountains  of  Paleozoic  rocks — 
for  example,  the  Kawich  Range — were  fully  as  high  and  rugged  as 
the  present  ranges. 

The  Eocene  inaugurated  the  Tertiary  period  of  volcanism  and  lake 
sedimentation  processes,  accompanied  1by  important  deformation, 
erosion,  and  ore  deposition.  The  Tertiary  igneous  rocks,  being 
.largely  in  flows,  in  contradistinction  to  the  intrusive  post-Jurassic 
rocks,  produced  but  little  contact  metamorphism.  The  permanency  of 
the  structural  lines,  initiated  probably  in  early  Cretaceous  time,  has 
already  been  mentioned.  Along  these  lines  the  Tertiary  defor- 
mation occurred,  while  many  of  the  main  lava  extrusions  burst  from 
north-south  vencs  along  pre-Tertiary  mountain  ridges.  The  first 
lava  to  outflow  was  a  rhyolite,  which  was  followed  by  monzonites  and 
acidic  andesites,  in  part  intrusive  bodies.  Next  there  was  an  im|>or- 
tant  and  probably  long  erosional  interval,  followed  by  a  mighty 
extrusion  of  rhyolite,  which  equals  or  exceeds  in  bulk  the  basalt  out- 
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flow  of  late  Pliocene  and  early  Pleistocene  time.  The  rhyolite  in 
turn  was  followed  by  andesites  and  dacites,  and  these  by  unimportant 
rhyolites,  immediately  preceding  the  deposition  of  the  Siebert  lake 
beds  in  the  Pahute  Lake.  It  was  probably  during  this  general  period 
that  the  most  important  ore  deposits  in  the  Tertiary  rocks  were 
formed,  presumably  by  waters  heated  by  the  still-hot  magmas. 
Between  the  outflow  of  therhyolite'and  the  formation  of  the  Pahute 
Lake  erosion  was  probably  continuous,  partially  accounting  for  the 
formation  of  the  lake  basin  which  in  the  main,  however,  originated 
through  orogenic  sinking  that  was  possibly,  in  part,  consequent  on 
adjustments  due  to  the  extrusion  of  immense  masses  of  lava,  a  hypoth- 
esis suggested  by  Spurr."  The  Pahute  Lake  covered  practically  the 
whole  area  surveyed,  although  the  presence  of  coarse  conglomerates  in 
the  Kawich  and  Amargosa  ranges  and  the  Bullfrog  Hills  indicates 
that  rugged  islands  rose  above  the  surface  of  the  lake.  "Wherever  the 
former  shores  of  the  lake  are  now  seen  it  is  evident  that  the  surface 
of  the  older  rocks  was  uneven  and  that  each  island  was  surrounded 
by  islets.  The  climate  must  have  been  moist  and  the  presence  of  fos- 
silized wood  in  the  lake  beds  shows  that  trees  flourished  near  its 
shores.  While  the  lake  was  thus  for  the  most  part  fresh,  periods  of 
aridity  alternated  with  those  of  comparative  humidity,  and  the  lake 
or  portions  of  it  were  partially  desiccated,  permitting  the  local  pre- 
cipitation of  limestone,  gypsum,  and  boron  minerals.  Volcanic  flows 
and  explosive  eruptions  of  rhyolitic  material  occurred  at  various 
times  during  the  existence  of  the  lake.  The  Pahute  Lake  was 
destroyed  in  part  by  the  increasing  aridity  of  the  climate  and  in  part 
by  deformation,  whicJi  was  accompanied  and  immediately  followed 
by  the  extrusion  of  rhyolite.  By  this  deformation  the  whole  area 
was  uplifted  with  attendant  southward  tilting,  which  accounts  for 
the  relatively  low  altitudes  occupied  by  the  Siebert  lake  l)eds  in  the 
southern  portion  of  southwestern  Nevada.  Furthermore,  the  defor- 
mation, by  differential  uplift,  blocked  out  the  mountain  rangas  as  they 
now  appear  and  formed  many  of  the  inclosed  valleys  by  broad  fold- 
ing or  warping.  Death  Valley  was  at  this  time  first  outlined,  though 
it  was  depressed  later,  probably  in  the  late  Pliocene  or  early  Pleisto- 
cene time,  by  block  faulting. 

Extensive  erosion  followed  and  before  the  end  of  Pliocene  time  it 
had  reduced  the  surface  to  mature  and  comparatively  gentle  topogra- 
phy. In  restricted  areas  the  Pliocene-Pleistocene  basalt  appears  to 
have  flowed  upon  a  local  peneplain.  In  late  Pliocene  time  the  cli- 
mate was  moist  and  a  shallow  lake  probably  covered  a  considerable 
area  in  the  vicinity  of  Goldfield.  The  older  alluvium,  a  formation 
widely  distributed  over  the  area,  may  be  considered  as  deposits  of  the 
waning  stages  of  this  lake  period  in  the  inclosed  valleys.     Toward  the 

•  Spurr,  J.  E.,  Prof.  Paper  U.  S.  Geol.  Survey  No.  42,  1905,  pp.  52-53. 
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end  of  this  period  the  basalt  extrusion  reached  its  climax.  Uplift 
accompanied  by  normal  faulting  and  folding  followed  the  deposi- 
tion of  the  older  alluvium,  and  at  this  time  erosion  appears  to  have 
been  very  active. 

In  Recent  time  the  erosion  characteristic  of  arid  lands  has  partially 
filled  the  inclosed  valleys  with  bowlders,  gravels,  and  sands — debris 
from  the  wasting  mountains — and  the  process  is  still  going  on. 

The  ranges  of  this  portion  of  the  Great  Basin  were  delineated  by 
post-Jurassic  folding  and  Cretaceous  erosion.  Later  uplift,  coupled 
with  volcanic  outbursts  along  these  same  structural  lines,  has  added 
much  to  their  height,  and  the  effect  of  these  processes  has  been  em- 
phasized by  the  deepening  of  the  intermontane  valleys  by  erosion. 
In  Death  Valley  alone  does  faulting  appear  to  have  been  the  dominant 
process  in  blocking  out  the  existing  topographic  forms.  The  unim- 
portance of  faulting«in  the  topographic  evolution  elsewhere  is  well 
exhibited  in  the  northeast  quarter  of  the  area  surveyed.  The  Paleo- 
zoic rocks  of  the  Kawich  and  the  Belted  and  Reveille  ranges  are  folded 
in  a  syncline  with  its  trough  in  the  Kawich  and  Reveille  valleys.  The 
presence  of  early  Miocene  rhyolites  in  the  Cactus,  Kawich,  Reveille, 
and  Belted  ranges  at  approximately  equal  elevations  further  proves 
that,  unless  compensating  faults  are  hidden  in  the  intervening  in- 
closed valleys,  faults  have  been  of  little  moment.  The  projection  of 
minor  transverse  ridges  from  the  main  ranges  into  the  desert  valleys 
and  the  frequently  observed  gradation  from  small  erosional  buttes  to 
groups  of  rounded  hills,  such  as  the  Monitor  Hills,  and  from  these  to 
such  elevations  as  the  Cactus  Range,  are  also  opposed  to  the  view  that 
the  principal  mountain  masses  have  been  bodily  uplifted  by  great 
faults.  The  ascendency  of  erosion  over  faulting  is  further  indicated 
by  the  broad  and  rounded  detrital  embayments  which  notch  many  of 
the  ranges. 

ECONOMIC  GEOIiOGY. 

HISTORY  OF  MINING  DEVELOPMENT. 

Two  waves  of  activity  in  prospecting  and  mining  have  passed  over 
the  portions  of  Nevada  and  California  under  consideration.  The 
first  started  in  the  late  sixties,  reached  its  maximum  height  in  the 
seventies,  and  died  out  before  1890.  The  hardy  prospector  and  miner 
in  these  years  confined  his  attention  to  the  Paleozoic  limestones  and 
the  post-Jurassic  granites.  Lida,  Old  Camp,  and  Montezuma  were 
flourishing  mining  centers.  Mining  in  the  area  studied  was  dormant 
in  the  nineties,  but  with  the  discovery  of  Tonopah's  phenomenal 
veins  in  1900  the  desert  region  was  attacked  with  new  ardor.  The 
Tertiary  eruptives  have  been  more  especially  the  chosen  field  of  the 
prospector,  although  the  limestones  and  granites  have  been  by  no 
means  neglected. 
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The  various  camps  herein  described  are  connected  with  supply 
points  by  wagon  roads,  most  of  them  surprisingly  good  considering 
the  fact  that  many  are  less  than  a  year  old.  Some  mines  have  a  small 
but  for  the  present  sufficient  water  supply  near  at  hand.    Other 


Fig.  4. — Economic  map  showing  areas  of  altered  Tertiary  rocks. 

camps  are  compelled  to  haul  their  water  from  springs  or  seeps  20 
miles  distant,  Pinon  and  juniper  are  rarely  of  sufficient  size  for 
mine  timbers,  other  than  stuUs,  but  piiion  makes  an  excellent  fuel. 
The  power  question  will  probably  be  solved  at  the  other  successful 
camps,  as  it  has  been  at  Goldfield,  by  the  transmission  of  electricity 
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generated  on  the  swift  streams  of  the  Sierra  Nevada.  The  heat  of 
July  and  August  renders  surface  work  in  those  months  almost  im- 
possible in  the  more  southern  camps. 

GENERAL  CHARACTER  OF  THE  ORE  DEPOSITS. 

The  ore  deposits  herein  described  are  apparently  the  work  of  two 
distinct  main  periods  of  mineralization,  one  post-Jurassic  and  pre- 
Tertiary,  the  other  Tertiary.  The  veins  at  Chloride  Cliff  may,  in- 
deed, be  pre-Jurassic,  but  their  resemblance  to  the  post-Jurassic  veins 
renders  this  questionable. 

POST-JURASSIC   AND   PRB-TERTlARY   DEPOSITS. 
(A)  DEPOSITS  IK  ORANITE.  '        ^ 

1.  Pegmatitic  dikes:  Dikes  of  pegmatite  at  Oak  Spring  are  re- 
ported to  carry  gold  and  silver  values.  These,  so  far,  have  proved 
unimportant. 

2.  Reopened  pegmatitic  dikes:  The  quartz,  itself  of  pegmatitic 
origin,  has  been  crushed,  and  the  veins  are  probably  due  to  the  same 
period  of  mineralization  as  that  which  formed  the  deposits  described 
in  the  next  paragraph.  The  deposits  of  Lime  Point  and  some  of 
those  at  Trappmans  Camp  are  of  this  origin. 

3.  Massive  quartz  veins  in  fissures,  joints,  and  irregular  zones  of 
brecciation :  The  quartz  is  not  crustified.  The  chief  sulphide  is  pyrite, 
although  galena,  chalcopyrite,  and  sphalerite  occur  locally.  The 
deposits  are  usually  gold  bearing,  but  with  the  introduction  of  ga- 
lena silver  values  may  predominate.  The  ores  were  deposited  by 
water,  which  may  have  been  remotely  connected  with  the  granitic 
intrusion.  The  sharp  contact  with  the  comparatively  unaltered  wall 
rock  indicates  that  these  veins  filled  open  fissures.  Such  appear  to 
])e  the  deposits  at  Old  Camp  and  some  of  those  at  Trappmans  Camp, 
Oak  Spring,  and  Southern  Klondike.  The  deposits  of  Goldbelt  are 
in  quartz  monzonite.  In  the  past  the  veins  at  Old  Camp  have  been 
large  producers. 

4.  Impregnation  of  pyrite  along  joints:  This  is  an  unimportant 
form  of  deposit  seen  only  at  Trappmans  Camp. 

(B)  DEPOSITS  nr  PALEOZOIC  SEBIKSNTAET  ROOKS,  PREDOMIKAHTLT  LIMSSTOHS. 

1.  Quartz  veins  and  irregular  masses  occupying  faults,  joints, 
bedding  planes,  and  brecciated  zones,  as  a  rule  in  the  neighborhood 
of  granitic  intrusions:  Rarely  a  little  calcite  is  associated  with  the 
quartz.  The  original  sulphides  deposited  in  the  quartz  include 
chalcopyrite,  galena,  pyritcj  and  sphalerite,  while  telluride  was 
probably  originally  present  in  some  deposits.  In  the  veins  in  lime- 
stone the  predominant  sulphides  are  chalcopyrite  and  galena  and  the 
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values  largely  silver.  In  quartzite  and  schist,  in  metamorphosed 
limestones  composed  of  quartz,  garnet,  epidote,  and  calcite,  and  in 
limestone  zones  in  which  silification  extended  beyond  the  quartz 
vein  pyrite  is  the  predominant  sulphide,  with  gold  values  alone  or 
in  excess  of  silver.  It  is  probable  that  the  relative  abundance  and 
Variety  of  sulphides  were  determined  by  the  wall  rock,  the  more 
siliceous  rock  tending  to  precipitate  from  the  waters  auriferous 
pyrite  and  the  calcareous  rock  precipitating  argentiferous  galena 
and  chalcopyrite.  The  secondary  ores  of  this  subdivision  include 
malachite,  azurite,  chrysocoUa,  native  copper,  brochantite,  cerussite, 
enunonsite  (or  durdenite),  native  gold,  and  horn  silver,  while  chloro- 
bromides  of  silver  are  reported.  Chalcocite  is  probably  of  secondary 
origin.  Two  or  more  of  these  ores  are  associated  with  hematite  and 
limonite  or  with  a  heavily  stained  jaspery  quartz  with  conchoidal 
fracture.  Gypsum,  and  at  one  place  sulphur,  are  secondary  gangues 
of  less  wide  distribution.  The  secondary  minerals  replace  the 
wall  rock  and  in  part  fill  open  fissures.  In  many  plarces  cavities  in 
ihe  secondary  ores  are  frosted  by  later  quartz  crystals.  The  Tokop 
veins  belong  to  this  subdivision  and  their  similarity  to  veins 
in  the  granite  of  Old  Camp  and  their  reported  extension  into  the 
granite  beneath  indicate  that  the  quartz  veins  in  the  granite  and 
limestone  are  contemporaneous  in  age  and  of  like  origin,  a  conclu- 
siott  entirely  in  accord  with  the  character  of  both  the  gangues  and 
ores  of  types  A  3  and  B  1.  The  quartz  veins  in  the  granite  (A3) 
are-  not  demonstrably  of  pegmatitic  origin  and  yet  their  form, 
herfe  lenslike,  there  sigmoid  and  independent  of  apparent  fault- 
ing^- is,  in  many  instances,  more  closely  allied  to  that  of  a 
pegmatite  dike  than  to  that  of  a  water-deposited  vein.  In  the 
Paleozoic  rocks  surrounding  granite  masses  these  quartz  veins  are 
abundant,  a  fact  exemplified  by  the  clustering  of  mining  camps 
around  the  post-Jurassic  intrusive  masses.  At  a  distance  from  the 
granite  the  veins  decrease  in  number  and  in  size,  and  finally  the 
same  ores  replacing  the  limestone  occur  without  quartz,  as  at 
Cuprite.  It  is  probable  that  the  quartz  veins  in  granite  and  limestone 
were  deposited  by  heated  waters,  in  part  at  least  the  magmatic 
waters  of  the  granite,  but  much  more  remotely  connected  with  the 
magma  than  those  which  formed  the  pegmatite  dikes.  The  re- 
semblance between  the  ores  of  these  veins  and  those  of  the  veins 
along  contacts  (B  3)  is  striking.  The  latter  deposits  may  have  been 
laid  down  by  waters  from  portions  of  the  granite  deeply  buried  and 
still  molten,  or  by  waters  from  the  white  quartz-monzbnite  porphyry, 
an  igneous  rock  probably  genetically  related  to  the  granite. 

The  Lida,  Bare  Mountain,  and  Oriental  Wash  deposits,  and  some 
of  those  of  Chloride  Cliff,  Montezuma,  Oak  Spring,  and  Southern 
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Klondike,  are  of  this  type.     These  deposits  were  the  most  important 
source  of  ore  in  the  seventies  and  eighties. 

2.  Replacement  deposits:  In  the  Cuprite  mining  district  and  to  a 
less  extent  in  the  General  Thomas  mine,  in  the  Lone  Mountain  foot- 
hills, the  sulphides  appear  to  replace  the  limestone  in  irregular  masses. 
The  Cuprite  deposits  are  at  a  considerable  distance  from  granite,  and 
in  these  quartz  is  lacking.  The  same  ores  are  found  here  as  in  other 
deposits  in  the  sedimentary  rocks,  and  it  is  believed  that  the  ore  de- 
posits of  Cuprite  were  formed  contemporaneously  with  those  of  the 
type  B  1  by  similar  waters,  which,  however,  had  deposited  their  silica 
before  journeying  so  far  from  the  granite  mass. 

3.  Veins  along  contacts:  Deposits  along  contacts  occur  in  the  lime- 
stone along  dikes  and  sheets  of  monzonite  and  diorite  porphyry  in 
the  northwestern  part  of  the  area  mapped,  and  along  a  mass  of  horn- 
blende schist  at  Chloride  Cliff.  The  porphyries  are  almost  certainly 
pre-Tertiary  and  the  mineral  association  is  so  similar  to  that  in  the 
deposits  already  described  (B  1  and  2)  that  there  can  be  but  small 
doubt  of  at  least  a  remote  genetic  relation  in  the  origin  of  the  two. 
The  (leneral  Thomas  and  some  of  the  Montezuma  prospects  are  of 
this  type. 

TERTIARY  DEPOSITS. 
(0)  GOLD  DEPOSITS  IK  SHIOmEB  MOITZOHITE  PORFEYST  AND  BELATED  ROOKS. 

Gold  occurs  at  Kawich  and  Gold  Crater,  respectively,  in  silicified 
and  kaolinized  monzonite  porphyry  and  biotite  andesite.  When  the 
igneous  rock  was  silicified  pyrite  was  deposited  in  open  fissures  in  it 
and  probably  partially  replaced  it.  Disseminated  pyrite  occurs  be- 
yond the  silicified  zone.  Copi>er  sulphide  is  unimportant,  and  galena 
is  apparently  not  present.  Kaolinization  is  probably  a  later  process. 
During  the  surface  alteration  of  the  pyrite  free  gold  lodged  in  the 
cavities  of  the  altered  rock  and  at  Gold  Crater  was  deposited  along 
joints  in  the  surrounding  iron-stained  andesite.  The  quartz-mon- 
zonite  porphyry  of  Shoshone  and  Skull  mountains  is  similarly  silici- 
fied. The  ores  of  Kawich  and  Gold  Crater  were  deposited  by  ascend- 
ing hot  waters  carrying  silica  in  solution,  and  while  the  waters  were 
similar  chemically,  it  by  no  means  follows  that  the  deposits  are  con- 
temporaneous, since  the  country  rock  in  the  one  case  was  probably 
of  Eocene  and  in  the  other  of  Miocene  age. 

(D)  DEPOSITS  nr  RHYOUTE. 

1.  Silver-  and'  gold-bearing  quartz  veins  in  silicified  and  kaolin- 
ized rhyolite:  At  Silverbow,  Eden,  Cactus  Spring,  Wilsons  Camp, 
Stonewall  Mountain,  and  Wellington  vuggy  quartz  veins,  many  of 
Hiem  with  crustification  well  developed,  fill  fault  fissures,  joint 
planes,  and  cavities  of  brecciation  and  solution.  These  veins  grade 
along  their  strike  into  zones  of  silicified  rhyolite  carrying  gold  and 
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silver  values.  The  ore  deposits  of  these  camps,  if  not  demonstrably 
of  contemporaneous  origin,  were  formed  by  physically  similar 
waters.  The  original  sulphides  include  stephanite,  iron  pyrites, 
and  chalcopyrite.  Pyrargyrite,  also  noted,  may  be  secondary. 
From  the  primary  ores  free  gold,  horn  silver,  malachite,  azurite, 
limonite,  and  hematite  are  derived.  The  relative  abundance  of 
silver  sulphides  or  of  pyrite  determines  whether  the  veins  carry  pre- 
dominant silver  or  gold  values.  In  the  same  camp  structurally 
similar  veins  may  carry  either  gold  or  silver  and  in  various  parts  of 
the  same  vein  the  proportion  of  the  two  metals  differs  greatly.  A 
little  calcite  is  associated  with  quartz  in  some  veins,  and  at  Silver- 
bow  and  Eden  quartz  bodies  suggestive  of  the  crystal  form  of  cal- 
cite probably  indicate  its  former  presence.  Irregular  zones  or  areas 
surrounding  these  veins  are  either  silicified  or  kaolinized,  the  former 
process  having  been  contemporaneous  with  ore  deposition,  the  latter, 
in  certain  cases  at  least,  subsequent  to  it.  The  contact  with  the  vein 
quartz  is  in  some  cases  transitional,  in  others  sharp.  In  all  the 
camps  these  zones  of  altered  rock  are  much  more  extensive  than  the 
ore  deposits,  and  ore  deposition  unaccompanied  by  either  silicifica- 
lion  or  kaolinization  has  apparently  not  occurred.  The  silicified 
rhyolite  is  white  in  color,  flinty  in  texture,  and  without  prominent 
phenocrysts,  although  careful  inspection  shows  the  presence  of  quartz 
phenocrysts,  while  weathered  surfaces  show  feldspar  casts.  In 
some  instances  the  slightly  smoky  quartz  phenocrysts  alone  re- 
tain their  identity.  Some  of  the  altered  rhyolite  is  so  dense  that  the 
Indians  have  used  it  in  making  arrowheads.  During  the  deforma- 
tion of  the  rocks  after  silicification  the  brittleness  resulting  from  the 
density  of  this  conchoidally  fracturing  rock  was  an  important  factor 
in  the  production  of  numerous  cracks  which  furnished  channels  to 
surface  oxidizing  waters.  Cavities  of  solution  and  the  interstic^es 
of  brecciated  zones  are  lined  with  clear  quartz  crystals  or  filled  with 
quartz  masses.  The  alteration  has  taken  place  along  joints  and 
faults  and  in  bands  between  joints.  The  silicified  rhyolite,  being 
much  more  resistant  to  weathering  than  the  unaltered  rock,  stands 
up  in  rugged  walls  and  knobs  whose  extent  is  coincident  with  that  of 
the  silicification.  The  peculiar  topography  resulting  is  well  seen  in 
the  domical  hills  three-fourths  of  a  mile  east  of  north  of  Silverbow. 
Here  there  are  rugged  walls  from  1  to  5  feet  high,  while  cross  walls 
Fhow  that  silicification  has  also  occurred  along  minor  fractures  l)e- 
tween  the  main  joints. 

Under  the  microscope  the  silicified  rhyolite  shows  a  mosaic  of 
quartz  or  chalcedony  notably  uneven  in  grain,  while  coarser  mosaics 
or  limonite-lined  cavities  represent  the  biotite  and  feldspar  pheno- . 
crysts,  although  in  some  specimens  biotite  is  replaced  by  muscovite 
and  limonite.     The  silicified  rhyolite  of  the  Cactus  Range,  south  of  the 
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Goldfield-Cactus  Spring  road,  presents  features  of  considerable  inter- 
est. The  groundmass  is  composed  in  part  of  secondary  interlocking 
plates  of  orthoclase  micropoikilitically  inclosing  quartz  blebs  and  in 
part  of  a  secondary  microgranitic  mosaic  of  quartz  and  orthoclase  vary- 
ing greatly  in  grain  throughout  the  rock.  Alunite  in  grains  is  scat- 
tered through  the  groundmass.  A  few  orthoclase  phenocrysts  are 
unaltered,  but  most  of  them  are  changed  to  an  aggregate  of  alunite 
crystals  and  quartz  granules.  The  rock  appeal's  to  have  suffered 
through  recrystallization,  with  the  introduction  of  sulphurous  or  a 
related  acid  and  probably  some  silica.  A  thin  section  of  the  altered 
rhyolite  from  the  Calico  Hills,  near  Shoshone  and  Skull  mountains, 
is  somewhat  different.  The  original  rock  was  a  glass  containing  nu- 
merous tabular  orthoclase  crystals  and  deeply  embayed  quartz  grains. 
Chalcedonic  quartz  has  replaced  some  of  the  feldspar  phenocrysts, 
and  with  it,  forming  pseudomorphs  after  other  feldspar  phenocrysts 
and  occurring  scattered  throughout  the  groundmass,  are  tiny  irregu- 
lar specks  and  granular  aggregates  of  a  mineral  too  small  for  satis- 
factory determination,  probably  scapolite.  It  is  evidently  contem- 
poraneous with  the  chalcedonic  quartz,  and  its  even  distribution 
throughout  the  rock  shows  that  the  solutions  which  deposited  it  must 
have  saturated  the  whole  rhyolite  mass.  The  kaolinized  rhyolite  is  a 
white,  chalky,  rather  incoherent  rock.  The  feldspar  phenocrysts 
pass  to  a  white  unctuous  substance  and  are  finally  completely  re- 
moved, forming  casts,  and  the  biotite  changes  to  a  silvery  micaceous 
mineral. 

These  quartz  veins,  the  fillings  of  open  fissures,  and  the  attendant 
silicification  of  the  country  rock  are  evidently  due  to  ascending  heated 
waters  which  carried,  in  addition  to  metallic  salts,  notable  quantities  of 
silica,  while  locally  they  contained  salts  of  calcium  as  well  as  fluorine, 
sulphurous  acid  and  chlorine.  The  presence  of  the  fluorine  is  indi- 
cated by  the  alteration  of  biotite  to  muscovite;  sulphurous  acid  is  a 
constituent  of  alunite  and  chlorine  of  scapolite.  The  waters  in  part, 
then,  were  of  magmatic  origin  and  contained  gases  typical  of  waning 
volcanism.  These  oi*e  deposits,  except  those  in  the  rhyolite  of  Stone- 
wall Mountain  and  that  to  the  north  of  Cuprite  and  some  of  those  in 
the  Southern  Klondike  hills,  occur  in  the  early  Miocene  rhyolite. 
But  at  Wellington  and  Wilsons  Camp  silicification  appears  to  affect 
not  alone  this  rhyolite,  but  the  succeeding  formation,  the  biotite 
andesite.  This  shows  that  at  these  places  either  the  silicification  was 
dependent  on  the  magmatic  waters  derived  from  andesite  or  it 
occurred  long  after  the  extrusion  of  the  rhyolite,  probably  through 
waters  ascending  from  warm  or  hot  portions  of  the  rhyolite  buried 
at  considerable  depths.  The  presence  of  silicified  reefs  in  the  Siebert 
lake  l>eds  in  the  Silver  Peak  Range  and  on  Shoshone  Mountain  is  a 
phenomenon  probably  of  later  origin. 
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Ore  deposits  of  this  type  are  now  being  extensively  worked  through- 
out southwestern  Nevada  and  eastern  California.  As  they  have 
many  analogies  with  those  of  Goldfield  and  Bullfrog,  other  impor- 
tant camps  will  without  doubt  be  developed. 

2.  Gold  ores  in  fault  ^pnes:  At  Blakes  Camp  free  gold  has  been 
panned  from  crushed  rhfolite  along  a  fault.  The  iron  pyrite  was 
probably  originally  disseminated  in  the  crushed  zone. 

3.  Gold  ores  along  contacts  of  Tertiary  lavas  and  Paleozoic  lime- 
stone :  A  quartz  vein  at  Southern  Klondike  is  situated  along  the  con- 
tact of  rhyolite  with  Cambrian  limestone.  At  the  Happy  Hooligan 
mine  free  gold  occurs  in  decomposed  rock  at  the  contact  of  basalt  with 
Pogonip  limestone. 

AIDS  TO  PROSPECTING. 

Ore  deposits  in  the  area  under  consideration  appear  to  be  confined 
to  the  Paleozoic  rocks,  the  post-Jurassic  granitoid  rocks,  and  the  older 
Tertiary  lavas.  Of  the  Paleozoic  rocks  the  limestones  have  so  far 
been  and  probably  in  the  future  will  be  the  most  favorable  country 
rocks.  As  an  exception  to  the  above,  however,  it  should  be  stated  that 
the  Cambrian  quartzite-schist-limestone  series  in  the  southern  Amar- 
gosa  and  Panamint  ranges  contains  strong  quartz  veins.  Of  the  post- 
Jurassic  granitoid  rocks  the  granites  appear  to  be  more  favorable  to 
ore  deposits  than  the  quartz  monzonites.  Of  the  Tertiary  rocks  the 
first  and  second  rhyolites  and  the  andesitic  rocks  immediately  preced- 
ing and  succeeding  the  second  rhyolite  have  alone  up  to  the  present 
time  proved  productive.  The  rhyolites  younger  than  the  Siebert  lake 
beds  have,  however,  in  two  known  instances  been  silicified  and 
slightly  mineralized. 

The  various  formations  recognized  in  southwestern  Nevada  and 
eastern  California  are  represented  by  appropriate  colors  and  patterns 
on  the  geologic  map  (PI.  I),  from  which  the  approximate  distribution 
of  the  various  rocks  may  be  determined. 

In  prospecting  in  the  Paleozoic  rocks  the  limestones  should  be  given 
preference.  Mining  experience  in  this  region  indicates  that  the  most 
favorable  portions  of  the  limestone  are  those  nearest  igneous  rocks,  not 
only  the  larger  intrusive  masses,  but  the  dikes  as  well.  Such  dikes  are 
common  in  the  Cambrian  rocks  from  Lida  to  the  General  Thomas 
Camp.  The  abundance  of  ore  deposits  appears  to  depend  almo^ 
directly  on  proximity  to  igneous  rocks,  and  to  this  Cuprite  alone  seems 
an  exception.  Most  of  the  ore  deposits  in  the  Paleozoic  rocks  are 
found  in  well-defined  quartz  veins,  but  some  deposits  are  marked  by 
heavy  "gossans''  (hydra ted  masses  of  spongy  iron  ores  of  red  or 
brown  color). 
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The  map  (PL  I)  shows  the  areas  in  which  the  older  Tertiary  lavas 
are  known  to  occur,  and,  while  many  areas  have  doubtless  been  missed 
in  the  present  rapid  survey,  it  is  believed  that  the  larger  ones  have 
been  mapped.  The  ore  deposits  within  these  older  rhyolites  and 
andesites,  so  far  as  is  at  present  known,  are^  contained  in  the  silicified 
and  kaolinized  portions.  These  are  shown  in  fig.  4,  although  it  is  cer- 
tain that  many  others  exist  which  were  not  encountered  in  the  course 
of  the  present  work.  In  searching  for  such  areas  of  altered  rock,  the 
peculiar  rugged  topography  with  its  walls  (commonly  called  "  dikes  " 
by  prospectors)  and  pinnacles  (see  p.  47)  will  be  helpful  in  many  in- 
stances. The  compact,  flinty  texture  of  the  silicified  rocks,  already  de- 
scribed (see  p.  47),  is  very  characteristic.  In  the  Kawich  Range, 
Paleozoic  quartzite  has  been  mistaken  by  some  for  silicified  rhyolite. 
The  quartzite,  however,  can  be  distinguished  by  its  more  glassy  ap- 
pearance as  well  as  by  the  presence  in  it  of  rounded  sand  grains  or 
pebbles.  In  both  the  silicified  rhyolite  and  the  monzonitic  and 
andesitic  rocks  veins  occupy  fault  fissures,  and  prospect  trenches 
and  pits  located  on  such  faults  often  bring  good  results.  Within  the 
silicified  rhyolite  in  particular  quartz  veins  should  be  carefully  as- 
sayed, as  in  this  quartz  the  values  in  the  rhyolite  camps  usually  lie. 
Further,  a  yellow  scaly  coating  similar  to  that  from  Goldfield,  deter- 
mined by  Dr.  W.  F.  Hillebrand«  as  a  basic  ferric-alkali  sulphate, 
appears  to  be  confined  to  joints  in  the  immediate  vicinity  of  ore 
deposits  in  rhyolite. 

BE8CRIPTIVE  GEOIiOGY. 

In  this  section  the  different  localities  are  described  in  the  following 
order :  The  mountain  ranges  and  valleys  in  the  vicinity  of  Goldfield ; 
those  to  the  north  of  Pahute  Mesa;  the  mesa  itself;  the  mountain 
ranges  to  the  south  of  Pahute  Mesa ;  the  Amargosa  Mountain  system; 
Death  Valley;  and  the  Panamint  Range. 

REGION  ABOUT  GOLDFIELD. 

In  the  northwest  quarter  of  the  area  shown  on  the  map,  in  the 
vicinity  of  Goldfield,  are  the  Lone  Mountain  foothills,  the  Silver 
Peak  Range,  the  Mount  Jackson,  Goldfield,  and  Southern  Klondike 
hills,  and  Stonewall  Mountain.  The  hills  are  characterized  by  a 
north-south  extension,  the  trend  verging  toward  northeast  in  several 
instances.  Geologically  they  are  marked  by  important  develop- 
ments of  the  Cambrian  rocks  and  the  Siebert  lake  beds. 

•Bull.  U.  S.  Geol.  Survey  No.  260,  1905,  p.  137. 
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LONE   MOUNTAIN    FOOTHILLS. 
TOPOQKAFET  AHD  OEOOEAFHY. 

Lone  Mountain  is  a  prominent  craggy  peak  9,121  feet  high,  situated 
immediately  north  of  the  northwest  corner  of  the  area  mapped. 
AVhile  this  mountain  and  its  foothills  are  cut  off  from  the  Silver 
Peak  Range  to  the  southwest  by  the  detritus-filled  pass  7  miles  north- 
west of  Montezuma,  the  two  mountain  masses  are  geologically  and 
topographically  closely  related.  For  convenience,  the  long  ridge  in 
which  Greneral  Thomas  Camp  is  situated  will  also  be  described  here. 

The  Lone  Mountain  foothills  reach  a  maximimi  elevation  of  7,600 
feet.  They  have  rather  steep  slopes  and  show  a  tendency  to  elonga- 
tion parallel  to  the  strike  of  the  Paleozoic  rocks.  The  eastern  ridge 
has  a  serrated  crest  line,  due  to  the  alternation  of  steeply  dipping 
resistant  limestones  and  soft  shales.  The  Lone  Mountain  foothills 
are  bare  of  timber  and  without  water,  although  both  are  present  on 
the  mountain  itself. 

OEHEBAL  GEOLOGY. 

Lone  Mountain  is  a  batholith  of  granite  which  intrudes  Cambrian 
sedimentary  rocks,  the  predominant  rocks  of  the  foothills.  The 
formations  are  as  follows,  the  oldest  being  named  first:  Cambrian 
sedimentary  rocks,  post-Jurassic  granite,  pre-Tertiary  diorite  and 
diorite  porphyry  and  associated  serpentine,  and  older  alluvium. 

SEDIMENTABY  BOCKS. 

Cambrian, — The  predominant  formation  of  these  hills  is  a  series  of 
limestones  and  shales  which  appears  to  consist  of  a  lower  shale  mem- 
lK?r,  at  least  1,000  feet  thick,  and  an  upper  limestone,  several  thousand 
feet  thick,  which  in  turn  is  probably  overlain  by  a  second  shale 
member. 

The  limestone  is  compact  and  rather  fine  grained.  It  is  dark  gray  or 
bluish  gray  in  color,  although  in  places  weathered  surfaces  are  stained 
yellow  or  brown  by  limonite.  It  is  for  the  most  part  probably  dolo- 
mitic,  since  an  analysis  of  a  limestone  from  the  westward  extension 
of  the  area,  in  the  Silver  Peak  quadrangle,**  showed  19  per  cent  of 
magnesia.  Layers  of  black  flint,  from  a  few  inches  to  2  feet  thick, 
are  interbedded  with  the  limestones  near  General  Thomas  Camp, 
In  the  same  vicinity  the  limestone  has  been  altered  to  a  white  cherty 
quartz  and  all  gradations  exist  between  this  and  the  unsilicified  lime- 
stones. White  calcite  veins  traverse  the  limestone  in  all  directions, 
while  quartz  veins  are  less  common.  These  veins  are  not  folded,  and 
are  doubtless  younger  than  the  folding. 

•  Turner,  H.  W.,  Silver  Peak  folio ;  unpublished. 
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The  shale  is  fine  grained  and  thin  bedded.  It  is  in  most  places 
olive  green,  although  locally  brilliant  rose  or  purplish  pink,  while  red 
is  imparted  to  weathered  exposures  by  iron  stains.  Arenaceous  f  acies 
are  rare.  Rather  commonly  the  shale  breaks  down  into  pencils  which 
are  produced  by  the  intersection  of  two  cl^yly  spaced  joint  systems 
and  bedding  planes.     Veins  in  the  shale  are  usually  quartz. 

No  fossils  were  found  in  these  beds,  but  on  lithologic  groimds  they 
are  probably  Lower  Cambrian.  Turner  «  so  considers  the  extensioD 
of  these  rocks  in  the  adjoining  Silver  Peak  quadrangle. 

Older  alluvium. — ^The  road  from  Alkali  Spring  to  Lone  Mountain 
passes  through  a  gap  in  the  ridge  south  of  the  Greneral  Thomas  mine. 
The  saddle  and  the  low  hills  on  either  side  are  composed  of  fragmental 
material  lithologically  like  the  Recent  alluvium  deposits,  except  that 
it  is  somewhat  weathered.  Erosion  has  cut  it  into  a  number  of  low 
hills.  This  deposit  is  the  remnant  of  an  old  alluvial  slope,  and  is 
tentatively  correlated  with  the  older  alluvium  of  Pliocene-Pleistocene 
age  in  Death  Valley. 

IGNEOUS    BOCKS. 

Granite. — Lone  Mountain  is  a  batholith  of  granite  which  has 
pushed  up  the  Cambrian  rocks  on  its  border,  and  into  these  apophy- 
ses extend.  The  batholith  covers  about  14  square  miles  at  the  north- 
west corner  of  the  area  mapped. 

The  granite  is  light  gray  in  color  and  of  either  medium  or  coarse 
grain.  The  constituents,  which  in  coarse-grained  types  reach  a 
maximum  diameter  of  one-half  inch,  are  white  feldspar,  smoky 
quartz,  and  biotite.  Phenocrystic  feldspars  2  inches  long  and  one- 
half  inch  wide  are  locally  present.  In  some  exposures  the  con- 
stituents possess  a  parallel  arrangement,  probably  original.  Epidote 
films  are  developed  along  some  joint  surfaces,  while  on  others 
flattened,  distorted  cubes  of  limonite  after  pyrite  occur.  Muscovite 
films  cover  planes  of  movement. 

An  excellent  sheeting,  the  joints  being  from  1  to  3  feet  apart, 
cuts  the  granite  and  imparts  to  many  portions  of  Lone  Mountain  a 
sedimentary  aspect.  The  granite  weathers  into  rounded  slablike 
joint  blocks  stained  by  limonite,  and  in  consequence  the  mountain 
mass  is  yellowish  white  in  color.  The  mountain  itself  has  a  very 
rugged  topography  characterized  by  knife-edge  divides  and  deep- 
cut,  steep  valleys.  The  foothills  and  inliers  in  the  wash  have  strong 
tendencies  to  dome  form. 

Under  the  microscope  the  granite  is  seen  to  be  uneven  grained 
and  rather  poor  in  both  biotite  and  quartz.  With  orthodase  and 
microcline  is  a  little  oligodase,  Titanite  rhomboids  are  very  abun- 
dant, and  the  other  accessory  minerals  are  magnetite,  apatite,  and 
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zircon.  Quartz  shows  rather  strong  undulatory  extinction.  The 
rock  is  somewhat  altered,  biotite  changing  to  chlorite,  orthoclase 
and  microcline  to  muscovite,  and  oligoclase  to  zoisite. 

The  granite  is  cut  by  aplite  and  grades  into  pegmatite.  The 
aplite  is  a  white,  fine-grained  rock  composed  of  white  feldspar  and 
Fome  quartz.  It  forms  dikes  from  one-half  inch  to  2  inches  wide, 
which  weather  in  relief.  The  constituent  minerals  of  the  pegmatit^ 
reach  a  maximum  diameter  of  1  inch.  Some  veins  of  pegmatitlc 
quartz  are  also  present,  as  is  graphic  granite,  with  characters  one- 
fourth  inch  in  length. 

At  the  contact  the  Cambrian  rocks  are  rather  highly  metamor- 
phosed. The  impure  limestone  is  altered  to  a  quartz-epidote  rock 
in  which  brown  garnet  occurs  locally.  The  microscope  shows  that 
magnetite  and  pyrite  are  also  present.  The  shale  is  metamorphosed 
to  a  silvery  knotted  schist.  In  thin  section  it  is  found  to  be  a 
chlorite-epidote  schist  in  which  chlorite,  quartz,  and  orthoclase  form 
an  interlocking  mosaic.  Epidote  with  a  little  zoisite  is  equally 
abundant,  although  less  evenly  distributed.  Magnetite  grains  and  a 
few  fibrous  scapolite  aggregates  are  also  present.  Veinlets  and  lenses 
of  coarser  quartz,  epidote,  and  zoisite  appear  to  form  the  "  knots." 

The  granite  cuts  Cambrian  rocks  and  is  itself  cut  by  dikes  of 
diorite  porphyry.    It  is  presumably  one  of  the  post-Jurassic  granites. 

Diorite  and  diorite  porphyry. — A  small  intrusive  mass  of  diorite 
cuts  the  granite  and  another  the  Cambrian  rocks  northwest  of  Gen- 
eral Thomas  Camp.  The  diorite  appears  to  be  a  granitoid  rock  com- 
posed of  feldspar  and  hornblende.  The  microscope  shows  that  the 
feldspar  is  a  rather  basic  labradorite  in  crystals,  with  some  ortho- 
clase. The  hornblende  is  rudely  idiomorphic.  Some  quartz  and 
magnetite  are  present,  the  rock  approaching  a  granodiorite.  Epidote 
and  chlorite  are  secondary  to  plagioclase  and  hornblende. 

The  granite  of  Lone  Mountain  is  also  cut  by  dikes  of  a  greenish- 
gray  diorite  porphyry,  which  breaks  into  angular  joint  blocks  with 
a  slight  tendency  to  spheroidal  weathering.  The  dikes,  which  are 
from  2  to  20  feet  wide,  weather  in  troughs  beneath  the  surface  of  the 
granite. 

Under  the  microscope  the  groundmass  appears  as  small  plagioclase 
laths,  between  which  are  some  orthoclase  grains.  The  phenocrysts 
include  hornblende,  plagioclase  (labradorite-andesine),  and  titanite. 
Many  of  the  simple  plagioclase  crystals,  which  are  more  or  less 
altered  to  sericite,  calcite,  and  chlorite,  are  twinned  according  to  the 
Carlsbad  law.  The  brown  hornblende  phenocrysts  are  partially 
altered  to  calcite,  chlorite,  and  iron  ores.  Apatite  and  magnetite  are 
accessories. 

Sheets  and  dikes  of  diorite  porphyry,  with  abundant  phenocrysts 
of  striated  feldspar  and  fewer  of  hornblende,  occur  in  the  vicinity 
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of  General  Thomas  Camp,  their  strike  coinciding  with  that  of  the 
Cambrian  rocks.  The  largest  masses  reach  a  thickness  of  25  feet. 
Similar  dikes  cut  Cambrian  rocks  north  of  the  summit  on  the  road 
from  Alkali  Spring  to  Silver  Peak. 

Pieces  of  greenish-black  serpentine  are  common  on  the  hills  formed 
of  the  older  alluvium,  although  the  rock  was  not  seen  in  place.  Under^ 
the  microscope  the  magnetite  and  hematite  masses  associated  with  the 
serpentine  are  seen  to  be  lacking  in  certain  areas,  and  the  texture 
rather  suggests  that  of  an  igneous  rock.  In  the  Silver  Peak  quad- 
rangle Turner «  found  a  small  mass  of  serpentine  in  the  Ijone 
Mountain  foothills.  The  original  rock  of  each  of  these  occurrences 
was  probably  a  pyroxenite,  genetically  related  to  the  diorite. 

The  diorite  and  diorite  porphyry  are  probably  of  post-Jurassic 
and  pre-Tertiary  age. 

8TRTJ0TTJBS. 

The  Cambrian  rocks  are  strongly  and  complexly  folded.  The 
axes  of  the  main  folds  course  east  of  north ;  those  of  the  minor  folds, 
east  and  west.  The  folding  is  particularly  intense  along  the  border 
of  the  area  here  discussed.  Fan  folds  and  isoclinals  are  common,  and 
in  many  places  these  are  arranged  en  echelon.  Numerous  minor  faults 
and  zones  of  brecciation  occur  in  the  Cambrian  rocks,  but  faults  of 
large  throw  were  not  noted.  The  injection  of  the  Lone  Mountain 
batholith  has  induced  in  the  near-lying  sediments  a  strike  parallel  to 
its  boundary. 

While  it  is  probable  that  the  Cambrian  rocks  were  somewhat  folded 
prior  to  the  intrusion  of  the  granite,  the  major  folding  can  probably 
be  referred  to  that  intrusion.  The  position  of  the  older  alluvium, 
300  feet  above  the  Recent  alluvium  deposits,  shows  that  the  range 
was  considerably  uplifted  in  Pleistocene  time. 

EOONOKIO  GEOLOGY. 

The  location  of  the  General  Thomas  mine,  the  property  of  the 
Tonopah-Belcher  Mining  Company,  is  shown  on  the  map.  When 
visited  by  the  writer  (June,  1905)  the  mine  was  closed  down.  Sev- 
eral inclines  follow  the  steeply  dipping  beds  of  limestone  and  shale, 
into  which  in  the  vicinity  are  injected  sheets  of  diorite  porphyry. 
Cerussite,  malachite,  azurite,  and  chrysocoUa  in  limestone,  heavily 
stained  by  limonite,  lie  on  the  dump.  The  gypsum  associated  with 
the  ore  was  evidently  formed  simultaneously  with  these  secondary 
minerals.  Galena  and  pyrite  in  calcite  were  the  only  original  sul- 
phides seen,  but  some  copper  sulphide  must  also  occur.  Lakes  ^  states 
that  lenticular  bodies  of  "  sand  "  carbonate  of  lead,  containing  nodules 
of  unaltered  galena,  lay  along  the  contact  of  porphyry  and  lime- 

«  Turner,  II.  W.,  Silver  Peak  folio ;  unpublished. 

*  Ibises,  Artliur,  Mln.  and  S;I.  I'ress,  vol.  88,  1904,  p.  246. 
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stone  as  well  as  in  the  limestone  itself.  The  ore  is  said  to  carry 
high  silver  values,  a  carload  shipment  in  January,  1904,  having 
netted  $4,300.  At  that  time  the  shaft  was  150  feet  deep.  The  resem- 
blance of  this  deposit  to  some  of  those  at  Montezuma  may  be  noted. 
The  surrounding  hills  are  bare  of  timber,  and  water  is  scarce.  Tono- 
pah  and  Goldfield  are  the  supply  points  of  these  prospects. 

The  hills  near  General  Thomas  Camp  have  already  been  located. 
An  abandoned  tunnel  150  feet  long  has  been  driven  into  the  diorite 
mass  1  mile  northwest  of  the  General  Thomas.  The  tunnel  was  not 
visited,  but  ore  collected  by  Messrs.  Chapman  and  Spaulding  con- 
sists of  galena,  azurite,  malachite,  and  limonite,  which  appear  to  fill 
cavities  in  the  diorite.  In  the  older  alluvium  the  writer  found 
limonite  float  heavily  stained  by  malachite.  This  doubtless  comes 
from  the  hills  to  the  north  or  south  of  the  road. 

NORTHEASTERN   EXTENSION   OF   THE   SILVER   PEAK  RANGE. 
TOPOOKAFET  Aim  OEOQBAPHT. 

The  mountains  north  of  Lida  and  south  of  the  valley  in  which  the 
Klondike  Well  is  situated  form  the  northeast  tip  of  the  crescentic 
Silver  Peak  Range,  which  lies  mainly  to  the  west  of  the  area  sur- 
veyed. These  mountains  are  cut  off  ^om  the  Lone  Mountain  foot- 
hills by  the  detritus-covered  pass  7  miles  northwest  of  Montezuma; 
they  are  separated  from  Mount  Jackson  by  a  similar  gap,  and  a  basalt 
mesa  bridges  the  interval  between  them  and  the  Goldfield  hills. 
There  are  three  main  ridges,  which  course  N.  30°  E.,  parallel  to  the 
predominant  strike  of  the  Cambrian  rocks.  The  crest  lines  average 
7,500  feet  in  height,  although  Montezuma  Peak  reaches  8,426  feet. 
The  ridges  are,  for  the  most  part,  rather  smooth,  although  where  the 
strike  of  the  Cambrian  rocks  crosses  them  rugged  squared  hills  and 
pinnacles  are  common.  The  hills  formed  of  the  Siebert  lake  beds  are 
conical  peaks  and  gentle  domes  with  broad  valleys  between.  The 
north-south  valley  southwest  of  Montezuma  Peak  follows  approxi- 
mately the  crushed  zone  along  a  fault  of  considerable  displacement. 
Lida  Valley  is  an  interesting  example  of  stream  capture.  The  traveler 
going  up  the  valley  from  the  flat  north  of  Slate  Ridge  first  encoun- 
ters a  narrow  canyon.  One-eighth  of  a  mile  east  of  Lida  the  gulch 
suddenly  opens  into  a  gently  sloping  valley  1  mile  wide.  The  youth 
of  the  canyon  and  the  maturity  of  the  valley  suggest  stream  capture, 
and  Spurr,  who  followed  the  road  westward,  believes  that  the  upper 
broader  portion  originally  drained  westward  to  Fish  Lake  Valley. 

The  mountains  are  covered  with  pinon  and  juniper  above  an  alti- 
tude which  varies  from  6,500  feet  at  Lida  to  6,800  feet  on  the  east  side 
of  Montezuma  Peak.  A  little  grass  grows  on  the  upper  alluvial 
slopes  and  the  inter-ridge  valleys.    An  abandoned  shaft  at  Monte- 
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zuma  is  filled  with  good  water,  and  a  tunnel  near  by  furnishes  a  little 
stock  water  tainted  with  ferrous  sulphate.  Alkali  Spring  has  already 
been  described  (p.  19).  Springs  flow  from  the  mountain  slopes  near 
Lida,  and  the  water  table  in  the  canyon  below  the  village  is  in  many 
places  but  30  to  100  feet  below  the  surface. 

OSVSKAL  OBOIOOY. 

The  formations  exposed  in  these  mountains,  from  the  oldest  to  the 
youngest,  include:  Cambrian  sedimentary  rocks,  post- Jurassic  gran- 
ite and  gray  quartz-monzonite  porphyry,  white  quartz-monzonite 
porphyry,  diorite  porphyry,  andesite,  older  rhyolite  and  dacitc, 
Slebert  lake  beds,  younger  rhyolite,  and  basalt. 

SEDIMENTARY   BOCKS. 

Cambrian. — ^The  dominant  rocks  of  these  mountains  are  limestones, 
shales,  and  quartzites,  in  part  at  least  of  Cambrian  age,  and  in  the 
series  no  break  in  the  process  of  sedimentation  is  apparent.  West  of 
Montezuma  Peak  these  rocks  consist  of  1,000  feet  of  limestone  with 
some  shale  beds  near  its  top,  overlain  by  1,000  to  1,200  feet  of  shale 
with  some  interbedded  limestone  layers.  A  bed  of  white  quartzite 
of  fine  to  medium  grain,  40  feet  thick,  occurs  near  the  middle  of  the 
upper  shale  member.  Neithei*  bottom  nor  top  of  this  series  is  exposed. 
Quartzite  is  more  prominent  in  the  hills  southwest  of  Alkali  Spring, 
where  it  is  as  abundant  as  shale. 

The  limestone  is  dark  gray,  compact,  and  fine  grained.  The  weath- 
ered rock  is  medium  gray  in  color,  except  in  mineralized  portions, 
where  the  reds,  yellows,  and  browns  of  iron  stains  are  characteristic. 
Much  of  it  is  siliceous  and  grades  into  a  black,  dense  secondary  jasper- 
oid  of  conchoidal  fracture.  The  limestone  is  massively  bedded,  ex- 
cept where  interlaminated  with  shale,  where  it  is  usually  in  rather 
thin  beds.  Gray  lenses  and  nodules  of  flint  form  one-third  of  the 
limestone  mass  6  miles  north  of  west  of  Montezuma  Peak.  By  the 
addition  of  clay  the  limestone  passes  into  calcareous  shale  and  finally 
into  shale. 

The  thin-bedded  slaty  shales  are  of  fine,  even  grain  and  of  gray  or 
olive-green  color.  In  many  places  muscovite  plates  are  present  upon 
bedding  planes,  and  semischistose  facies  are  developed  by  further 
formation  of  muscovite.  Where  joint  planes  are  closely  spaced  the 
shale  breaks  into  pencil-like  fragments.  Locally  weathered  surfaces 
are  stained  red  or  brown  by  iron  compounds.  With  increase  in  size  of 
grain  and  in  content  of  quartz  the  shales  pass  into  dense  argillaceous 
quartzites  of  greenish-gray  to  black  color  and  fine  to  medium  grain. 
Cross-bedding  is  in  places  well  developed. 

The  character  of  the  rocks  and  the  series  of  alternations  of  various 
rocks  across  the  bedding  planes  indicate  that  the  Cambrian  rocks  were 
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laid  down  in  comparatively  shallow  water  in  which  conditions  favor- 
ing mechanical  sedimentation  on  the  one  hand  and  organic  and  per- 
haps chemical  sedimentation  on  the  other  hand  alternated. 

Spurr**  found  fossils  southwest  of  Lida  which  were  determined 
by  Mr.  C.  D.  Walcott  to  be  of  Lower  Cambrian  age.  The  limestone  4 
miles  west-northwest  of  Montezuma  Peak  contains  closely  concen- 
trically laminated  balls  averaging  one-half  inch  in  diameter.  Mr.  E. 
O.  Ulrich  states  that  these  resemble  Girvanella^  a  calcareous  alga,  and 
are  probably  of  Cambrian  age.  On  the  evidence  of  these  fossils  and 
the  resemblance  of  the  series  to  that  at  Cuprite  the  rocks  are  believed 
to  be,  in  the  main  at  least,  of  Lower  Cambrian  age.  Turner  ^  maps 
Ordovician  rocks  at  one  place  near  the  border  of  the  Silver  Peak 
quadrangle,  but  such  rocks,  if  they  exist,  were  not  differentiated 
during  the  present  reconnaissance. 

Siehert  lake  beds. — Prior  to  the  deposition  of  the  Siebert  lake  beds 
the  Cambrian  rocks  had  a  rugged  topography.  These  beds,  17  miles 
north  of  Lida,  are  coarsely  conglomeratic  and  inliers  of  limestone  pro- 
trude through  them  and  outliers  of  lake  beds  occur  on  the  Cambrian 
rocks.  The  lake  beds  cover  i^  considerable  area  on  the  western  border 
of  the  region  under  consideration,  a  somewhat  smaller  area  near  Mon- 
tezuma Peak,  and  a  small  area  5  miles  south  of  Alkali  Spring.  The 
northern  boundary  of  th*.'  largest  area  is  approximately  correct  as 
mapped.  The  southern  boundary  is  less  accurately  drawn  and  some 
Tertiary  igneous  rocks  may  lie  between  the  Cambrian  rocks  and  the 
lake  beds. 

These  beds,  which  are  composed  largely  of  rhyolitic  material,  con- 
sist of  typically  incoherent,  unevenly  granular,  well-bedded  sand- 
stones. When  unstained  by  iron,  they  are  white  in  color,  but  brilliant 
reds  and  yellows  are  characteristic  of  many  areas.  Fine-grained  beds 
alternate  with  conglomeratic  layers  containing  pebbles  of  Cambrian 
rocks,  quartz-monzonite  porphyry,  diorite  porphyry,  rhyolite,  and 
igneous  rocks  of  andesitic  and  basaltic  affinities.  X^^  pebbles  are  well 
rounded  or  semiangular.  Microscopic  examination  of  several  slides 
shows  the  presence  of  quartz  and  orthoclase  crystals  in  a  pyroclastic 
matrix. 

Locally  the  Siebert  lake  beds  have  been  indurated  by  silicification 
along  joints  and  in  irregular  bodies.  Quartz,  chalcedony,  and  opal 
fill  cavities.  The  silicified  portions  weather  into  wall-like  masses 
along  joints  and  into  grotesque  topographic  forms  where  silicification 
has  been  less  regular. 

Rhyolitic  and  dacitic  flows  are  interbedded  throughout  the  sedi- 
ments, although  they  increase  toward  the  bottom  of  the  formation 
and  dacite  appears  to  underlie  it. 

*  Turner,  H.  W.,  Silver  Peak  folio ;  unpublished. 

»Spnrr,  J.  E.,  Bull.  U.  S.  CJeol.  Survey  No.  208,  190.3,  p.  180. 
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The  lake  beds  at  Montezuma  Peak  are  about  1,100  feet  thick.  On 
the  western  border  of  the  area  mapped  they  are  probably  200  or  300 
feet  thicker.  The  formation  was  for  the  most  part  deposited  in  an 
inland  lake,  although  some  portions  were  possibly  laid  down  sub- 
aerially  by  explosive  volcanic  action. 

Mr.  R.  H.  Chapman  found  a  piece  of  silicified  wood  at  a  point  4 
miles  west  of  Montezuma  Peak.  Mr.  F.  H.  Knowlton,  who  kindly 
examined  it,  states  that  it  is  wood  of  a  deciduous  tree  not  older  than 
ihe  Tertiary.  Thiese  sandstones  are  correlated  with  the  Siebert  lake 
beds  of  Tonopah,  described  by  Spurr.** 

Travertine, — A  small  area  of  travertine  at  Alkali  Spring,  presum- 
ably of  Pleistocene  age,  has  already  been  described  (p.  35). 

IGNEOUS   BOCKS. 

Post-Jurassic  granite^  granite  porphyry^  and  quartz-monzonite  por- 
phyry.— The  dikes  and  small  irregular  intrusive  masses  of  white  fine- 
grained alaskite  and  granite  porphyry  2  miles  southwest  of  Alkali 
Spring  are  usually  injected  parallel  to  the  bedding  of  the  upturned 
Cambrian  rocks,  but  here  and  there  cut  acrass  it.  The  porphyritic 
habit  is  better  developed  at  the  contact  and  next  to  the  border  pheno- 
crysts  are  in  flow  orientation.  The  rock  breaks  down  into  angular 
joint  blocks,  many  of  which  are  stained  by  limonite.  A  single  thin 
section  under  the  microscope  proves  to  be  a  granite  porphyry  with 
microgranitic  groundmass  of  quartz  and  orthoclase.  Coronae  of  mi- 
cropegmatitic  quartz  and  orthoclase  surround  the  abundant  pheno- 
crysts  of  dominant  quartz  and  orthoclase  and  subordinate  biotite  and 
plagioclase  (oligoclase).  Some  phenocrysts  are  composed  of  quartz 
and  feldspar  in  a  graphic-granite  intergrowth.  The  phenocrysts  all 
show  undulatory  extinction,  and  in  consequence  the  rock  has  suffered 
some  deformation.  Biotite  has  been  completely  altered  to  muscovite 
shreds,  rutile  and  an  iron  ore  forming  simultaneously. 

The  dikes  on  the  east  slope  of  this  hill  are  composed  of  medium- 
grained  gray  biotue  granite.  On  weathering  the  granite  breaks 
down  into  spheroidal  masses.  It  includes  numerous  small  Cambrian 
fragments,  while  basic  segregations  of  biotite  and  probably  horn- 
blende are  present.  This  rock  proves  on  microscopic  examination  to 
have  a  granular,  hypidiomorphic  texture,  plagioclase  individuals  be- 
ing of  columnar  habit.  The  orthoclase,  much  of  which  is  microper- 
thitic,  is  usually  twinned  accordiVig  to  the  Carlsbad  law.  The  feld- 
spars are  partially  replaced  by  kaolin  and  sericite  and  the  biotite  by 
chlorite.  Zircon  and  magnetite  are  accessories.  Fine-grained  pink 
aplitic  dikes,  from  1  inch  to  4  inches  wide,  cut  the  granite  and  locally 
fault  the  Cambrian  inclusions.  These  more  acidic  dikes  are  probably 
genetically  related  to  the  main  granitic  intrusion. 

«  Spurr,  J.  E.,  Prof.  Paper  \\  S.  Geol.  Survey  No.  42,  1905,  pp.  51-55. 
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Dikes  in  the  Cambrian  rocks,  6  miles  west  of  south  of  Alkali  Spring, 
are  composed  of  a  dense  white  granite  porphyry  with  rather  numerous 
small  phenocrysts.  These  dikes  are  too  small  to  show  on  a  map  of 
the  scale  employed  in  this  report.  Under  the  microscope  the  ground- 
mass  appears  as  a  mosaic  of  quartz  and  orthoclane  which  are  in  micro- 
pegmatitic  intergrowth  over  small  areas.  A  little  plagioclase  is  also 
present.  The  phenocrysts  include  orthoclase,  usually  microperthitic, 
quartz  deeply  embayed,  and  plagioclase.  In  some  specimens  rutile 
rods  are  so  grouped  as  to  simulate  somewhat  rudely  biotite  crystals, 
and  it  may  be  that  biotite  phenocrysts  present  in  the  magma  were  ab- 
sorbed prior  to  its  solidification.     Magnetite  is  an  accessory. 

The  mass  of  quartz-monzonite  porphyry  4  miles  west  of  south  of 
Alkali  Spring  and  the  dikas  extending  from  it  into  the  Cambrian 
rocks  to  the  northeast  are  composed  of  a  gray  rock  of  porphyritic 
habit  in  which  numerous  medium-sized  phenocrysts  lie  in  a  finely 
granular  groundmass.  The  constituents  in  the  order  of  their  abun- 
dance are  feldspar,  both  striated  and  unstriated,  biotite,  and  horn- 
blende. The  rock  weathers  into  rounded  blocks.  Inclusions  of  Cam- 
brian rocks  are  common,  as  are  basic  segregations.  Microscopic 
examination  shows  a  microgranitic  groundmass,  composed  of  plagi- 
oclase laths,  orthoclase  tablets,  and  quartz  grains.  The  phenocrysts 
consist  of  plagioclase;  orthoclase,  much  of  which  shows  excellent 
zonal  growths;  ragged  biotite  tablets,  and  hornblende  columns.  Mag- 
netite and  apatite  are  accessory  minerals.  The  quartz-monzonite  por- 
phyry is  cut  by  dikes  of  diorite  porphyry  and  white  quartz-monzonite 
porphyry.  It  is  believed  that  this  rock  is  a  variant  of  the  gran- 
itic magma  intruded  contemporaneously  with  the  granites  of  the 
vicinity. 

The  Cambrian  limestone  in  contact  with  the  quartz-monzonite  por- 
phyry just  described  has  been  metamorphosed  to  a  white,  medium- 
grained  marble  in  which  epidote  and  other  lime  silicates  are  devel- 
oped. The  shales  near  the  granitic  rocks  2  miles  southwest  of  Alkali 
Spring  have  been  metamorphosed  to  slates.  A  dense,  greenish-gi'ay 
slate  shows  under  the  microscope  as  a  mosaic  of  quartz  and  orthoclase 
in  which  are  shreds  of  sericite  and  chlorite.  Locally  the  sericite 
and  chlorite  form  large  skeleton  growths  containing  numerous  quartz 
and  feldspar  individuals.  Another  facies  is  a  dense,  black  slate  of 
conchoidal  fracture.  In  thin  section  this  is  formed  of  large,  rounded 
areas  of  orthoclase  lying  in  a  ramifying  network  of  orthoclase 
grains  intimately  cut  by  biotite  and  muscovite  shreds.  Imperfect  an- 
dalusite  crystals  are  scattered  throughout  the  rock,  and  some  of  these 
have  the  black  centers  characteristic  of  the  variety  called  chiastolite. 

These  igneous  rocks  intrude  Cambrian  rocks  and  occur  as  pebbles 
in  the  rhyolite  and  Siebert  lake  beds.  They  are  believed  to  be  mem- 
bers of  the  post-Jurassic  granite  series. 
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White  quartz-monzonite  porphyry. — In  the  vicinity  of  Lida  dikes 
and  fewer  sheets  of  white  quartz-monzonite  porphyry  are  common. 
The  three  areas  shown  on  the  map  include  both  sheets  and  complex 
intrusive  masses  filled  with  inclusions  of  Cambrian  rocks,  while 
many  other  areas  are  too  small  to  be  mapped  on  the  scale  employed 
here.  The  dike  which  cuts  the  gray  quartz-monzonite  porphyry 
4  miles  west  of  south  of  Alkali  Spring  has  already  been  mentioned. 

This  quartz-monzonite  porphyry  is  a  dense,  white  or  locally  green- 
ish rock,  with  rather  abundant  medium-sized  phenocrysts,  consisting 
of  somewhat  altered  whitish  feldspars,  some  striated  and  others  un- 
striated,  silvery  mica,  and  rarely  a  quartz  crystal.  The  central  por- 
tions of  the  dikes  and  intrusive  masses  are  more  coarsely  crystalline 
than  the  borders,  and  in  certain  instances  approach  a  granitoid 
texture. 

The  rocks  break  into  sharp  joint  blocks,  which  in  many  places  are 
stained  by  limonite.  Limestone  in  the  vicinity  of  this  rock  is  here  and 
there  silicified  and  indurated,  although  the  metamorphism  is  slight. 

Microscopic  examination  proves  the  medium-grained  micro- 
granitic  groundmass  to  consist  of  orthoclase  grains,  plagioclase 
laths,  and  a  few  quartz  anhedra.  The  phenocrysts  of  orthoclase 
slightly  predominate  over  those  of  plagioclase  (oligoclase-andesine). 
Kaolin  and  sericite  are  the  alteration  products.  Biotite  phenocrysts 
altered  to  muscovite  or  chlorite,  with  an  iron  ore  and  rutile  in  rods 
or  sagenitic  w^ebs,  are  constantly  present,  while  quartz  phenocrysts, 
much  corroded,  appear  in  some  thin  sections. 

The  white  quartz-monzonite  porphyry  is  younger  than  the  gran- 
ite which  it  cuts  in  the  area  4  miles  west  of  south  of  Alkali  Spring. 
Pebbles  of  the  porphyry  are  included  in  the  Siebert  lake  beds.  It  is 
l)elieved  that  it  is  genetically  related  to  the  granite  and  is  a  later 
intrusion  of  the  same  magma. 

Diorite  porphyry. — Dikes  of  quartz-diorite  porphyry  cut  the  gray 
quartz-monzonite  porphyry  4  miles  west  of  south  of  Alkali  Spring, 
and  many  dikes  of  diorite  porphyry,  probably  of  contemporaneous 
age,  intrude  Cambrian  rocks  near  Lida.  The  quartz-diorite  por- 
phyry is  a  dark,  rather  fine-grained  holocrystalline  rock.  Under  the 
microscope  the  presence  of  biotite  is  revealed.  Ophitic  texture  is 
well  developed,  plagioclase  laths  (some  andesine  and  more  basic) 
lying  in  a  mesostasis  of  hornblende, biotite,  and  a  little  quartz.  The 
rock  weathers  into  sharply  .jointed  blocks  of  dark  color.  The  diorite 
porphyry  is  a  greenish-gray  rock  of  porphyritic  habit,  both  horn- 
blende and  striated  feldspars  occurring  as  phenocrysts.  Epidote  is 
developed  in  the  rock  and  forms  crystalline  felts  along  joint  planes. 
Spheroidal  weathering  is  characteristic. 

The  contact  of  the  white  quartz-monzonite  porphyry  and  the 
diorite  porphyry  is  poprly  exposed  1  mile  northeast  of  Lida,  and  the 
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latter  rock  is  apparently  younger  than  the  former.  Pebbles  of  the 
diorite  porphyry  occur  in  the  Siebert  lake  beds — a  fact  which  leads 
to  the  Ijelief  that  these  dikes  were  intruded  in  post-Jurassic  and  pre- 
Miocene  time. 

Andesite. — The  andesite  masses  4  miles  north  of  Lida  were  seen 
by  the  writer  only  at  a  distance,  but  Turner,"  who  mapped  their 
western  extension,  believes  the  andesite  to  be  of  ''  early  Neocene  "  age, 
and  it  is  probably  older  than  the  formation  described  in  the  follow- 
ing paragraphs. 

Rhyolites  and  dacites. — Thin  flows  of  rhyolite  are  interbedded  with 
the  lower  portions  of  the  Siebert  lake  beds  of  Montezuma  Peak  and 
of  the  area  4  miles  north  of  it.  The  lake  beds  seem  to  lie  on  a  sili- 
ceous effusive  igneous  rock  which  forms  a  narrow  north-south  band  to 
the  east  of  Montezuma  Peak.  Small  areas  of  rhyolite  are  exposed 
by  the  erosion  of  the  overlying  basalt  mesa  3^  miles  east  and  4  and  5 
miles  southeast  of  Montezuma  Peak.  A  small  poorly  exposed  mass 
of  rhyolite — possibly  a  dike,  to  judge  from  the  disturbed  condition 
of  the  surrounding  limestone — lies  5  miles  north  of  west  of  Mon- 
tezuma Peak.    Ehyolite  is  also  exposed  3^  miles  north  of  Lida. 

The  rhyolite  flows  in  the  Siebert  lake  beds  are  dense  gray  or  pink 
rocks,  in  which  are  sparse  and  small  phenocrysts  of  quartz,  orthoclase, 
and  biotite.  Black  glasses  are  also  present.  Flow  banding  is  highly 
developed,  and  spherulites  form  freely  in  cavities  and  impinge  against 
one  another  in  the  more  dense  facies.  The  spherulites,  some  of  which 
are  simple  and  others  compound,  are  of  radial  structure.  The  larger 
ones  are  2  inches  in  diameter.  Lithophysa;  occur  in  the  area  4  miles 
north  of  Montezuma  Peak.  Under  the  microscope  the  glassy  ground- 
mass  appears  somewhat  devitrified.  The  flows  here  contain  numerous 
pebbles  of  Cambrian  jasperoid  and  quartz-monzonite  porphyry. 

The  siliceous  eruptive  rock  east  of  the  Siebert  lake  beds  of  Monte- 
zuma Peak  is  a  red  semivitreous  rock  in  which  some  small  pheno- 
crysts o.f  striata  feldspar  and  fewer  of  unstriated  feldspar  and 
quartz  are  sparsely  distributed.  The  microscope  shows  numerous 
plagioclase  microlites  in  the  glassy  groundmass,  and  orthoclase  is  so 
subordinate  that  the  rock  is  a  siliceous  dacite. 

The  rhyolite  of  the  other  areas  mentioned  has  abundant  pheno- 
crysts of  quartz,  orthoclase,  anS  biotite  in  a  light-colored  groundmass 
which  under  the  microscope  appears  as  a  glass  somewhat  devitrified, 
showing  flow  banding  and  spherulites.  In  one  slide  a  few  plagio- 
clase phenocrysts  are  present  with  those  already  mentioned.  Zircon 
and  magnetite  are  accessories.  This  rhyolite  grades  into  a  white 
waxy  glass  without  phenocrysts  in  the  area  4  miles  east  of  Montezuma 
Peak. 


•Turner,  H.  W.,  Sliver  Teak  folio;  unpublished. 


Digitized  by  VjOOQIC 


62  SOUTHWESTERN    NEVADA   AND   EASTERN   CALIFORNIA. 

The  siliceous  igneous  rocks  are  probably  all  portions  of  a  single 
series  that  is  older,  for  the  most  part,  than  the  Siebert  lake  beds. 
They  are  probably  contemporaneous  with  the  Tonopah  rhyolite-dacite 
described  by  Spurr  ^  as  presumably  of  Miocene  age. 

Later  rhyolite. — Lying  upon  the  eroded  surface  of  the  Cambrian 
rocks  and  protruding  from  the  Recent  alluvial  deposits  in  the  vicinity 
of  Alkali  Spring  are  small  exposures  of  a  lavender  lithoidal  igneous 
rock,  with  fairly  numerous  glassy  feldspar  phenocrysts  of  medium 
size.  These  rocks  closely  resemble  the  later  rhyolite  underlying  the 
basalt  flows  at  Goldfield  and  are  tentatively  correlated  with  it. 

\Basalt. — A  basalt  mesa  lies  between  the  spurs  of  the  Silver  Peak 
Range  and  the  Goldfield  hills.  For  convenience  its  description  is 
given  with  that  of  the  hill  group  (p.  75).  A  basalt  dike  50  feet  wide 
cuts  the  Cambrian  limestone  near  its  contact  with  the  Siebert  lake 
beds  on  the  Montezuma-Goldfield  road.  The  basalt  is  a  dense  black 
rock  containing  medium-sized  glassy  olivine  grains  and  small  striated 
feldspars  and  black  augites.  Under  the  microscope  the  rock  is  seen 
to  be  a  holocrystalline  olivine  basalt.  The  plagioclase  is  partially 
altered  to  calcite  and  the  olivine  to  serpentine.  Basalt  also  covers  a 
considerable  area  1^  miles  southeast  of  Lida.  This  is  evidently  a  flow, 
the  red  or  black  rock  being  full  of  vesicles  and  much  of  it  having  a 
ropy  surface.  This  rock  is  contemporaneous  with  the  basalt  of  Mount 
Jackson  and  Goldfield,  and  the  dike  near  Montezuma  is  probably  of 
the  same  age. 

Five  miles  northeast  of  Lida  a  flow  of  andesite  or  basalt  lies  upon 
the  eroded  surface  of  the  Cambrian  limestone.  It  has  a  gray  lith- 
oidal groundmass  in  which  large  striated  feldspar  phenocrysts  are 
prominent.  Lithologically  the  rock  resembles  certain  members 
of  the  basalt  flow  south  of  Goldfield,  but  the  mature  topographic 
form  of  its  surface  may  more  nearly  ally  it  to  the  older  andesite 
already  described. 

I  STRXrUTUItS. 

The  Cambrian  rocks  are  for  the  most  part  in  rather  open  folds 
with  north  or  northeast  axes,  which  are  crossed  by  minor  folds.  The 
amount  of  dip  as  a  rule  is  not  great,  although  at  many  points  in  the 
isolated  hill  southwest  of  Alkali  Spring  the  rocks  are  on  edge  and 
the  folding  appears  close.  Locally  small  isoclinal  folds  are  present, 
particularly  near  intrusions  of  granite,  and  the  northwest  strike  of 
the  Cambrian  5  miles  north  of  Montezuma  Peak  is  probably  due 
to  the  intrusion  of  the  quartz-monzonite  porphyry.  The  gentle 
character  of  the  folding  of  much  of  the  Silver  Peak  Range  is  in 
marked  contrast  with  that  of  the  Amargosa  Range  and  Bare  Moun- 
tain to  the  south  and  southwest.  The  folding,  in  part  at  least,  pre- 
ceded the  intrusion  of  the  granite,  since  this  rock  is  intruded  along 

•  Spurr,  J.  E.,  Prof.  Paper  U.  S.  Geol.  Survey  No.  42,  1905,  pp.  41-43. 
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vertical  bedding  planes  southwest  of  Alkali  Spring.  Small  faults, 
usually  reverse,  are  common  in  the  Cambrian  rocks,  while  zones  of 
brecciation  in  the  limestone  indicate  that  differential  movement  has 
occurred  at  many  places.  The  Siebert  lake  beds  are  approximately 
horizontal,  although  flexures' and  normal  faults  occur.  The  nprmal 
north-south  fault  west  of  Montezuma  Peak  has  a  throw  probably 
amounting  to  several  thousand  feet.  The  uplift  of  this  range  since 
Miocene  time  has  been  great,  since  the  Siebert  lake  beds,  once  be- 
neath a  lake,  have  been  elevated  and  eroded  into  mountains. 

EOONOMIO  GEOLOGY. 

Two  mining  camps,  Montezuma  and  Lida,  are  located  in  this  spur 
of  the  Silver  Peak  Range. 

MONTEZUMA   DISTRICT. 

The  Montezuma  mining  district  was  organized  in  1867,  and  soon 
afterwards  several  mines  were  opened  in  the  country  west  of  Monte- 
zuma Peak.  In  1886  a  mill  was  erected  in  the  gulch  to  the  north- 
west of  the  mountain.  Active  work  ceased  in  1887,  but  at  present 
a  number  of  prospectors  are  reopening  old  properties  and  locating 
new  claims.  The  district  product,  estimated  at  $500,000,  was 
freighted  in  wagons  to  Belmont,  65  miles  away.  At  present  only  a 
few  shallow  prospect  holes  and  the  dumps  of  the  old  mines  are  ac- 
cessible for  examination.  The  mineralized  area  lies  to  the  west  of 
Montezuma  Peak,  in  Cambrian  tocks. 

In  the  old  mines  the  chief  gangue  is  quartz,  with  rarely  a  little 
calcite  and  kaolinitic  material.  Vugs  filled  with  quartz  crystals 
occur  in  the  quartz.  The  ores  at  the  surface  are  cerussite,  malachite, 
azurite,  manganese  dioxide,  and  limonite,  and  associated  with  these 
and  replacing  them  in  depth  are  galena,  chalcocite,  and  pyrite.  The 
values  are  largely  in  silver,  the  gold  values  being  uniformly  low. 
Chlorobromides  of  silver  are  reported,  but  were  not  seen. 

A  prospect  hole  exposes  a  quartz  vein  having  white  quartz-mon- 
zonite  porphyry  as  the  hanging  wall  and  limestone  as  the  foot  wall. 
Chalcopyrite  is  the  original  sulphide,  and  malachite  with  less  limon- 
ite, azurite,  and  a  little  native  copper  are  the  secondary  ores.  The 
native  copper  forms  thin  sheets  in  cracks  and  small  nodules  in  the 
vein.  Malachite  partially  replacing  limestone  w^as  noted  at  a  num- 
ber of  other  places. 

At  Montezuma  copper  and  lead  sulphides  with  quartz  fill  open  fis- 
sures in  limestone.  Some,  probably  all,  of  the  deposition  followed 
the  pre-Tertiary  dike  injection.  Later  the  veins  were  crushed,  and 
surface  waters  altered  the  sulphides  to  carbonates,  oxides,  native 
metals,  and  probably  haloid  salts.  This  chemical  breakdown  of  the 
sulphides  continues  to  the  present  day,  as  is  shown  by  the  fact  that 
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the  water  flowing  from  an  abandoned  tunnel  southwest  of  the  niHl  at 
Montezuma  deposits  considerable  limonite  and  is  so  charged  with 
ferrous  sulphate  that  animals  will  scarcely  drink  it. 

In  several  of  the  older  mines  and  prospects  water,  both  good  and 
bad,  was  encountered  at  a  depth  of  30"  feet.  The  mines  will  prob- 
ably require  pumps,  but  abundant  fuel  surrounds  them.  Goldfield, 
the  railroad  terminus,  is  9  miles  distant,  the  road  being  fairly  good. 


The  Lida  mining  district  was  organized  August  28,  1871,  and  in 
the  succeeding  decade  some  rich  surface  pockets  of  horn  silver  and 
silver-bearing  galena  were  removed.  The  ore,  probably  picked,  ran 
from  $500  to  $1,000  per  ton.  It  is  said  that  the  values  decreased  at 
depths  of  200  to  300  feet.  In  the  latter  part  of  1904  and  the  early 
part  of  1905,  the  attention  of  mining  men  having  been  turned  to 
southwestern  Nevada,  old  mines  were  reopened  and  new  locations 
made.  Unfortunately,  at  the  time  of  the  writer's  visit  (December, 
1905).  the  principal  prospects  were  closed  throu^  litigation,  and  in 
many  cases  pumps  and  ladders  had  been  removed.  The  prospects 
are  situated  partly  outside  the  area  surveyed  and  partly  on  the  east 
slope  of  Mount  Macgruder  to  the  south  and  southeast  of  the  village. 

The  Florida-Goldfield  Mining  Company's  shaft  is  near  the  mouth 
of  a  gulch  whicli  joins  the  Lida  Valley  about  one-half  mile  below 
Ihe  village.  When  visited,  the  shaft,  150  feet  deep,  was  filled  with 
water  within  80  feet  of  the  surface.  The  ore  on  the  dump  includes 
Cambrian  limestone  rather  heavily  impregnated  with  iron  pyrites 
and  pyrite  inclosed  in  veins  of  coarsely  crystalline  white  calcite  and 
in  white  quartz  veinlets.  In  some  specimens  galena  and  light- 
brown  zinc  blende  are  associated  with  the  quartz  veinlets  carrying 
pyrite.  Chalcopyrite,  an  apparently  still  more  uncommon  sulphide, 
is  in  places  superficially  altered  to  malachite  and  azurite.  The 
limestone  cut  by  the  quartz  vein  has  been  more  or  less  silicified.  An 
old  open  cut  above  this  shaft  shows  a  zone  of  brecciated  limestone  4 
feet  in  width  healed  by  innumerable  connecting  quartz  veinlets  in 
which  the  ores  mentioned  occur.  On  the  dump  of  the  Thanksgiv- 
ing mine  quailz  masses  and  veinlets  cutting  similar  limestone  were 
examined.     The  quartz  contains  much  pyrite  and  less  chalcopyrite. 

The  sulphides  of  the  Lida  deposits  are  in  part  fissure  fillings  and  in 
l)art  impregnations  of  the  country  rock,  while  the  oxidized  ores  appear 
to  be  largely  replacements  of  limestone.  The  oxidized  zone  is,  for  a 
desert  country,  very  shallow. 

In  the  early  days  of  mining  in  this  district  considerable  bunches 
of  oxidized  ore  were  hauled  to  Austin  and  Belmont.  It  is  scarcely 
probable  that  all  these  pockets  have  been  found,  and  with  the 
improved  transportation   facilities  such  deposits  should  pay  welL 
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Some  of  the  ore  mined  from  the  newly  located  prospects  is  reported 
to  run  from  $100  to  $500  per  ton  in  gold  and  silver.  Such  assay  re- 
turns, however,  in  at  least  the  majority  of  cases,  were  obtained  from 
picked  samples  and  are  of  no  value  in  estimating  the  economic  possi- 
bilities of  a  prospect.  The  water  level,  to  judge  from  the  develop- 
ment work  so  far  carried  on  in  the  Lida  district,  is  comparatively  near 
the  surface.  Much  of  the  ore  already  taken  out  is  refractory  and 
would  require  milling  and  smelting.  In  this  respect  the  Lida  district 
is  at  a  disadvantage  in  comparison  with  the  surrounding  districts,  but 
on  the  hills  surrounding  the  mines  there  is  a  fair  growth  of  pinon 
and  juniper,  which  will  furnish,  for  a  time  at  least,  satisfactory  fuel 
Rnd  some  mining  timber.  Water,  sufficient  for  mining  and  domestic 
purposes,  flows  from  springs  in  and  above  the  village  and  can  be 
obtained  in  the  Lida  Valley  at  slight  depths.  A  daily  stage  runs 
from  Lida  to  the  railroad  at  Goldfield. 

OTHER    MINEBALIZED   AREAS. 

Quartz  veinlets  are  abundant  in  the  Cambrian  quartzite  and  shale 
and  are  locally  present  in  the  limestone,  although  calcite  veins  are 
more  characteristic  of  the  limestone.  The  quartz  and  calcite  veins 
were  evidently  formed  at  several  periods,  since  in  many  places  one  set 
faults  another  and  in  turn  has  itself  been  faulted.  Strong  quartz 
veins  occur  in  limestone  heavily  stained  by  limonite  and  hematite  5 
miles  north  of  west  of  Montezuma  Peak.  Quartz  veins  also  occur  in 
the  limestone  area  6  miles  north  of  Montezuma  Peak.  Thin  sheets 
of  malachite  replace  limestone  along  joint  planes  3.  miles  north  of 
Montezuma  Peak. 

UME. 

A  kiln  2^  miles  west  of  south  of  Montezuma  Peak  burns  Cambrian 
limestone.  The  lime,  which  is  sold  in  Goldfield,  is  reported  to  be  of 
good  quality. 

LIDA-GOLDFIELD   VALLEY. 

The  Lida-Goldfield  Valley  lies  between  Mount  Jackson  and  the 
Goldfield  hills  on  one  side  and  the  Silver  Peak  Range  on  the  other. 
A  low  detrital  divide  west  of  Mount  Jackson  separates  it  from  the 
valley  north  of  Slate  Ridge.  The  lowest  part  of  the  valley  lies  at  an 
elevation  of  5,100  feet,  and  from  a  distance  appears  to  be  occupied  by 
two  small  playas.  On  the  east  side  of  the  valley,  north  of  Mount 
Jackson,  some  intensely  dissected  hills,  50  to  150  feet  above  the  valley 
bottom,  appear  at  a  distance  to  be  formed  of  playa  deposits  of  the 
older  alluvium.  It  is  also  possible  that  the  apparent  playas  are  in 
reality  eroded  exposures  of  the  same  formation. 
Bull  308-07  M 5 
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MOUNT  JACKSON  AND  THE  HILLS  TO  THE  NORTHEAST. 
TOPOORAFHT  AKD  6E06RAFHT. 

Mount  Jackson  is  a  prominent  butte  which  rises  800  feet  above  its 
alluvial  base.  Northeastward  from  it  extends  a  ridge  on  which  are 
sujxjr imposed  buttes  of  the  Mount  Jackson  type,  capped  by  resist- 
ant lava  flows.  At  its  north  end  this  ridge  is  divided  by  a  valley  into 
two  parts.  These  hills  are  separated  from  the  Goldfield  hills  to  the 
north  by  basalt  lava  flows.  For  convenience  the  mesa-capped  hill  east 
of  Cuprite  and  the  isolated  hills  10  miles  east  of  north  of  Mount  Jack- 
son will  be  described  here. 

Water  is  unknown  in  these  hills,  and  with  the  exception  of  scat-, 
tered  groves  of  the  tree  yucca  they  are  bare.  Grass  is  fairly  abundant 
on  the  upper  portions  of  the  encircling  alluvial  slopes. 

OENEEAL  GEOLOGY. 

The  formations  exposed  in  these  hills,  named  from  the  base  up- 
ward, are  Cambrian  sedimentary  rocks,  diorite  porphyry,  Siebert  lake 
beds,  rhyolite,  and  basalt. 

SEDIMENTARY  ROCKS. 

Camhrian, — An  area  in  the  southern  ridge  and  another  at  the  north 
end  of  the  northern  ridge  are  occupied  by  Cambrian  sedimentary 
rocks,  and  the  same  rocks  also  in  part  form  the  isolated  hills  in  the 
valley  traversed  by  the  (joldfield-Lida  road. 

A  compact  fine-grained  black  or  dark-gray  limestone,  locally  silici- 
fied  to  a  black  jasperoid  of  conchoidal  fracture,  is  the  dominant  mem- 
ber of  the  Cambrian  series.  Both  rocks  are  intricately  cut  by  white 
calcite  veinlets.  Layers  of  thin-bedded  green  slaty  shale,  in  places 
schistose,  arc  interbedded  with  the  limestone,  as  are  smaller  amounts 
of  white  medium-grained  quartzite.  A  total  thickness  of  3,000  to 
O.500  feet  of  Cambrian  rock  is  exposed.  These  sediments  form  gentle 
hills  elongated  in  the  direction  of  strike,  the  shales  being  character- 
ized by  few,  the  limestone  and  quartzite  by  many  exposures. 

Mr.  E.  ().  Ulrich  determined  the  following  fossils  collected  by  the 
writer  near  the  Goldfield-Midway-Bullfrog  mining  camp,  2  miles  south 
of  west  of  Cuprite:  OlencUm^  near  O,  gilherti;  Hyolithes^  closely 
related  to  or  identical  with  11,  americanus;  undetermined  orthoid 
shell. 

He  states :  ''  So  far  as  this  imperfect  material  will  permit  of  deter- 
mining age,  it  points  to  a  Lower  Cambrian  horizon."  Girvanella-like 
forms  similar  to  thos(*  from  the  Silver  Peak  Range  were  also  found 
in  these  (^imbrian  rocks.  The  Lower  Cambrian  age  of  portions  of  the 
series  is  thus  demonstrated,  although  other  portions  may  be  somewhat 
youn^r.  The  rocks  are  correlated  with  those  of  the  north  spur  of  the 
Silver  Peak  Range  and  of  the  Lone  Mountain  foothills, 
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Siehert  lake  heds. — WTiite,  finely  bedded  tuffaceous  sandstones 
and  clays,  200  to  300  feet  thick,  underlie  the  rhyolite  of  Mount  Jack- 
son and  that  of  the  isolated  butte  10  miles  east  of  north  of  it.  Small 
areas  of  the  same  formation,  not  shown  on  the  map,  occur  with  the 
rhyolite  northeast  of  Mount  Jackson.  Rhyolite  pebbles  occur  in 
these  sediments.  At  the  more  northerly  butte  they  contain  also 
thin  rhyolite  flows  and  lie  unconformably  upon  the  folded  Cambrian 
rocks,  which  were  evidently  low  hillocks  in  the  lake  bottom  on  which 
the  sandstones  were  deposited.  On  lithologic  and  structural  grounds 
these  sandstones  are  correlated  with  the  Siebert  lake  tuffs  at  Tonopah, 
described  by  Spurr.** 

IGNEOUS    BOCKa 

Diorite  porphyry, — A  dike  of  dark  greenish-gray  diorite  porphyry 
cuts  the  Cambrian  limestone  one-fifth  of  a  mile  northwest  of  the 
Goldfield-Midway-Bullfrog  mining  camp  already  mentioned.  The 
dike  is  20  feet  wide  and  courses  N.  35°  E.  The  dike  rock,  much 
altered,  weathers  into  iron-stained  spheroidal  masses.  The  limestone 
at  the  contact  is  slightly  indurated,  approaching  a  hornfels.  Macro- 
scopically  this  dike  rock  resembles  pre-Tertiary  diorite  prophyry  of 
the  Silver  Peak  Range. 

Rhyolite. — Rhyolite  flows  cover  a  large  portion  of  these  hills. 
The  rhyolite  contains  small  and  scarce  phenocrysts  of  quartz,  glassy 
feldspar,  and  biotite,  which  however,  in  some  facies  are  lacking. 
The  groundmass  ranges  from  pumiceous  to  compact  glasses  of  con- 
choidal  fracture  and  varies  in  color  from  white  through  gray  to  black. 
Perlitic  cracks  traverse  the  glass  in  all  directions  and  reddish-brown 
spherulites  are  common.  The  smaller  spherulites  show  both  radiate 
and  concentric  structure,  while  the  larger,  which  reach  a  diameter 
of  8  inches,  are  traversed  by  fine  wavy  lines  parallel  to  a  diameter, 
although  they  break  into  sectors  of  a  sphere.  Some  of  the  spherulites 
are  simple,  although  as  a  rule  two  or  more  are  linked  together.  .Chal- 
cedony is  abundantly  developed  in  joint  cracks..  Thin  sections  under 
the  microscope  show  spherulites,  cavities  filled  with  gas,  perlitic 
cracks  which  may  extend  through  the  phenocrysts,  flow  lines,  and 
other  phenomena  typical  of  rhyolites. 

The  flow  l)eds  are  from  2  inches  to  50  feet  thick,  the  upper  surface 
being  in  some  instances  corrugated  like  the  ropy  surface  of  basalt 
flows.  The  maximum  determined  thickness  of  the  rhyolite  flows 
is  400  feet,  although  the  total  thickness  may  be  somewhat  greater. 
Small  Isoclinal  folds  were  formed  during  the  outflow  of  the  lava, 
which  mu.st  have  been  rather  viscous  and  which  on  meeting  an  ob- 
struction was  crumpled.  In  one  case  a  glassy  facies  folded  with  thin 
bands  of  semiglassy  phenocryst-bearing  rhyolite  exhibits  interesting 

•Spurr,  J.  E.,  Prof.  Paper  U.  S.  Geol.  Survey  No.  42,  1905,  pp.  51-55, 
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features.  (See  fig.  5.)  The  more  crystalline  rhyolite  was  sheared 
and  fractured  along  the  limbs  of  the  fold,  while  the  glassy  facies 
thickened  at  the  troughs  and  crests.  The  thinner  flows  weather  some- 
what like  a  horizontal  sedimentary  rock,  while  the  thicker  show  the 
rounded  toix)graphic  forms  of  granite. 
Minor  rhyolitic  effusions  started  while  the  Siebert  lake  beds  were 

being  deposited,  although  the  ma- 
jor outflow  was  later.  The  rhyo- 
lite is  probably  to  be  correlate 
with  the  younger  rhyolite  of  the 
Amargosa  Range  and  is  of  late 
Miocene  or  early  Pliocene  age. 

Basalt. — Slightly  eroded  benches 
of  basalt  flank  Mount  Jackson  on 
the  south  and  a  small  basalt  area 
is  located  5  miles  to  the  east.  The 
basalt  is  a  dense  black  vesicular 
flow  rock  which  microscopic  exam- 
ination proves  to  be  an  ordinary 
olivine  basalt.  As  Spurr  states,* 
ci'osion  carved  Mount  Jackson  approximately  to  its  present  form 
prior  to  the  outflow  of  basalt.  At  the  north  end  of  the  ridge 
east  of  Cuprite  and  in  several  small  areas  west  of  the  Goldfield- 
BuUfrog  road  is  basalt  whicli  is  an  extension  of  the  younger  basalt 
of  the  Goldfield  hills.  (See  p.  75.)  It  is  probable  that  small  areas 
of  younger  rhyolite  and  late  tuffs  of  these  hills  are  here  mapped 
with  the  basalt.  The  basalt  northeast  of  Cuprite  clearly  overlies 
and  is  younger  than  the  rhyolite,  being  probably  of  late  Pliocene  or 
early  Pleistocene  age. 

STBUCTUKE. 

The  Cambrian  rocks  are  in  rather  open  folds  of  northeast-south- 
west axes  (fig.  G).     The  angle  of  dip  rarely  exceeds  30°,  although 

Desert       jB^ 
gravel  > 


Fio.  5.— Flow  folds  In  rhyolite  (hill  10  miles  east 
of  north  of  Mount  Jackson),  showing  thicken- 
ing of  more  glassy  rhyolite  (while)  on  cresU 
and  troughs  of  folds  and  eroj«  fractures  in 
more  lithoidal  rhyolite  on  limbs  of  folds. 


Fig.  6. — East-west  section  across  Mount  Jackson  hills  1  mile  south  of  Halfway  Station. 

4  miles  west  of  Cuprite  isoclinal  folds  occur.  The  highest  hills  of 
the  two  main  ridges  are  situated  on  the  axes  of  synclines.  The  rocks 
on  the  south  face  of  the  hills  toward  the  valley  north  of  Slate  Ridge 
dip  gently  to  the  west.     Faults,  usually  normal  and  across  the  strike 

«  Spurr,  J.  E.,  Bull.  U.  S.  Geol.  Survey  No.   208.  1903,  p.   183. 
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of  the  rocks,  occur  but  do  not  seem  to  be  of  large  throw.  The  Siebert 
lake  beds  and  the  later  lavas  are  practically  horizontal,  their  eleva- 
tion being  attended  only  by  minor  flexing  and  faulting. 

ECOHOMIC  OEOLOGY. 

The  prospects  of  the  Cuprite  mining  district,  in  which  the  first 
locations  were  made  early  in  1905,  lie  in  a  l)elt  1  mile  wide  which 
extends  from  a  point  17  miles  south  of  Goldfield  westward  to  Mount 
Jackson.  The  mines  are  from  2  to  0  miles  west  of  the  stage  and 
automobile  road  between  Goldfield  and  Bullfrog. 

The  properties  of  the  Goldfield-Midway-Bullfrog  Mining  Com- 
pany and  the  Tri-Metallic  Mining  Company  may  be  taken  as  types 
of  the  Cuprite  mining  district.  The  Copper  Bell  shaft  of  the  first- 
named  company,  85  feet  deep,  is  located  on  the  side  of  a  gentle  valley 
in  Cambrian  sedimentary  rocks  2  miles  south  of  west  of  Cuprite. 
The  shaft  is  being  sunk  to  encounter  a  vein  which  strikes  N.  60°  E. 
and  dips  from  80°  to  85°  NW.  This  vein  has  been  traced  by  means 
of  prospect  holes  at  least  1,000  feet.  At  one  prospect  hole  the  vein 
is  capped  by  a  gossan  of  spongy  limonite  9  feet  thick.  At  this  depth 
malachite  and  less  azurite  are  associated  with  the  limonite  and  at 
the  bottom  of  the  hole,  9  feet  deeper,  the  vein  is  reported  to  have  run 
12  per  cent  copper,  with  14  ounces  of  silver  and  $1.20  in  gold  per 
ton.  The  vein  is  from  2  to  5  feet  wide  and  on  its  borders  shows  a 
gradual  passage  from  totally  unaltered  limestone  to  pure  limonite. 
The  limonite,  on  the  border  of  the  vein  at  least,  is  a  replacement  of 
the  limestone.  The  same  company  has  an  incline  05  feet  deep  situated 
on  a  shear  zone  which  strikes  N.  85°  E.  and  dips  00°  S.,  cutting  prac- 
tically horizontal  limastone.  A  streak  of  ore  IJ  to  2^  feet  wide,  trace- 
able more  or  less  continuously  for  900  feet,  occupies  the  shear  zone. 
The  ore  consists  of  malachite,  azurite,  and  limonite  associated  with 
heavily  limonite-stained  chalcedony  of  conchoidal  fracture.  The  sul- 
phides are  chalcocite  and  less  chalcopyrite  and  pyrite.  The  two  latter 
are  undoubtedly  original.  A  number  of  assays  of  the  ore  are  said 
to  have  averaged  between  9  and  10  per  cent  of  copper,  while  the 
silver  values  are  variable,  reaching  as  high  as  400  ounces  per  ton. 
Evidently  the  silver  is  intimately  associated  with  the  copper  min- 
erals, the  iron  compounds  giving  no  silver  returns.  The  average  ore 
runs  about  1  ounce  of  silver  per  ton  to  1  piyr  cent  of  copper,  while 
gold  is  present  in  traces  only.  Another  prospect  on  this  property 
is  in  limestone  much  stained  by  limonite.  Malachite  and  le.ss  azurite, 
with  an  intensely  limonite-stained  chalcedonic  quartz,  occur  in  small 
kidneys  throughout  the  limestone  and  in  narrow  seams  along  joint 
planes.  Chalcopyrite  is  reported  from  the  surface  here,  but  is  not 
abundant.  In  another  prospect  irregular  lenses  of  the  same  ores  and 
gangues  lie  in  a  narrow  shear  zone  in  the  limestone.  Small  bunches 
of  chalcopyrite  are  sporadically  distributed  in  the  dark  chalcedony. 
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The  property  of  the  Tri-Metallic  Mining  Company  lies  one-half 
mile  west  of  that  last  descril)ed.  The  Cambrian  limestone,  although 
gently  flexed,  is  approximately  horizontal.  Intense  staining  by 
limonite  is  characteristic  of  limestone  in  the  vicinity  of  the  ore.  A 
shipment  of  picked  ore  which  netted  $236  per  ton  (averaging  7 
ounces  gold,  230  ounces  silver,  and  19  per  cent  copper)  was  recently 
made  from  a  surface  pocket  of  ore.  Chalcopyrite  is  the  only  orig- 
inal sulphide  present.  Chalcocite,  malachite,  and  azurite  with  dark- 
brown  chalcedony  are  secondary,  and  these  are  partially  at  least 
replacements  of  limestone.  A  few  masses  of  native  copper,  pre- 
sumably of  secondary  origin,  are  also  reported,  but  they  were  not 
seen  by  the  writer.  Apparently  chalcopyrite  was  originally  distrib- 
uted in  the  limestone  in  masses  which,  so  far  as  known,  do  not  exceed 
one-half  inch  in  diameter.  Later  these  scattered  particles  were  con- 
centrated, the  secondary  copper  minerals  apparently  being  replace- 
ments of  limestone.  In  the  main  shaft  bunches  of  chalcojnrite  lie 
in  the  limestone  in  association  with  coarse  calcitc  much  stained  by 
limonite.  In  some  cases  the  chalcopyrite  has  l>een  breccia  ted  and  the 
narrow  interstices  filled  with  iron-stained  chalcedony.  The  ore  in 
this  shaft  is  said  to  have  been  in  "  kidneys,"  some  of  which  were 
connected  with  others  by  narrow  seams.  From  one  of  these  masses 
1,900  pounds  of  ore  were  removed.  This  lens  of  ore,  9  feet  long,  was 
4  feet  in  diameter  at  the  center  and  tapered  to  a  point  at  each  end. 

Ore  examined  from  a  claim  owned  by  E.  Oldt  showed  similar 
characteristics,  a  little  galena  and  white  quartz  of  apparently  equal 
age  being  associated  with  the  sulphides.  Transparent  drusy  quartz 
crystals  contemporaneous  with  or  later  than  the  copi)er  and  lead 
carbonates  and  brown  chalcedony  are  also  characteristic.  The  values 
in  this  ore  are  said  to  be  in  silver  and  copper. 

In  the  Cuprite  district  chalcopyrite  and  less  pyrite,  galena,  calcite, 
and  quartz  appear  to  have  been  deposited  as  sporadic  masses  in  the 
limestone  as  seams  along  joints  and  as  lens-shaped  bodies  along 
shear  zones.  Later  these  ores  were  altered*  by  aqueous  solutions  to 
chalcocite,  carbonates,  and  oxides,  the  secondary  ores  in  large  part 
replacing  limestone.  At  many  points  faulting  accompanied  or  pre- 
ceded the  change.  Contemporaneously .  a  much  iron-stained  chal- 
cedony was  deposited  in  intimate  association  with  the  oxidized  ores. 
Later,  in  some  instances,  drusy  quartz  was  deposited  upon  the  cop- 
per carbonates.  The  development  is  altogether  too  slight  to  deter- 
mine what  part  of  the  secondary  copj)er  ores  have  been  concentrated 
from  sulphides  originally  lying  in  limestone  now  removed  by  ero- 
sion. It  is  probable,  however,  that  a  considerable  proportion  is  of 
such  origin  and  that  when  the  oxidized  ores  are  worked  out  the  cop- 
per content  will  decrease.  It  may  well  be,  however,  that  the  water 
level  at  Cuprite  is  deep. 
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In  the  rhyolite  north  of  the  east  end  of  the  copper  l)elt  are  some 
prospects.  The  values  reported  are  gold,  and  these  deposits  are  un- 
doubtedly late  Tertiary  veins. 

Water  is  hauled  from  Stonewall  Spring,  17  miles  distant.  Wood, 
except  the  almost  valueless  yucca,  is  equally  distant.  The  Cuprite 
mines,  however,  are  only  18  to  25  miles  from  the  railroad  at  Goldfield, 
and  ore  may  be  shipped  from  the  district  at  a  comparatively  low  cost. 

Sulphur  of  good  quality,  said  to  occur  in  a  vein  in  the  rhyolite 
about  three-fourths  of  a  mile  northeast  of  Cuprite,  was  examined. 

VALLEY    NORTH    OF   SLATE    RIDOE. 

The  valley  north  of  Slate  Ridge  is  connected  by  two  narrow  arms 
of  gravels  with  Sarcobatus  Flat  and  by  a  single  simihir  arm  with 
Stonewall  Flat.  The  valley  has  an  east-west  extension  and  is  of  mod- 
erate grade.  Playas  are  situated  in  its  eastern  portion  at  elevations 
between  4,500  and  4,600  feet  above  sea  level.  Buttes  of  late  Tertiary 
lavas  are  scattered  over  the  lower  portions  of  the  valley.  South  of 
Mount  Jackson  a  number  of  low  white  domes  and  dissected  mesas  of 
the  older  alluvium  protrude  from  the  Recent  gi^avels,  and  tlie  position 
of  the  more  important  of  these  is  show  n  on  the  map.  The  exposures, 
where  examined,  consist  of  stratified  clay  beds  lying  horizontally. 
The  area  immediately  south  of  Mount  Jackson  is  300  feet  above  the 
lowest  deposits  in  the  valley,  and  this  may  be  taken  as  the  minimum 
thickness  of  the  formation,  which  is  evidently  a  playa  deposit  of  the 
older  alluvium.  The  Recent  gravels  are  probably  thin  throughout  the 
valley.    Some  water  lies  most  of  the  year  in  a  tank  at  Forks  Station. 

GOLDFIELD    HILLS." 
TOPOGRAPHY  AKD  6E0O&APHY. 

The  Goldfield  hills  are  separated  from  the  northeastern  spur  of 
the  Silver  Peak  Range  and  the  Mount  Jackson  hills  by  low  mesas  of 
basalt  and  from  the  Southern  Klondike  hills  and  the  Cactus  Range 
by  low  ridges  of  desert  gravels.  Most  of  the  low  hills  and  ridges 
around  Goldfield  have  a  north-south  trend,  but  some  run  east  and 
west.  The  highest  summits  are  less  than  7,000  feet  above  sea  level. 
Except  for  the  usual  desert  shrubbery  the  Goldfield  hills  are  bare. 
Several  springs  occur  in  the  eastern  portion  of  the  hills,  and  a  spring 


•  The  ore  deposits  and  geology  of  the  Goldfield  special  area  have  already  been  de- 
scribed by  Mr.  F.  L.  Ransome  (Bull.  U.  S.  Geol.  Survey  No.  303).  The  map  made  by 
Mr.  Ransome  and  his  assistants,  Messrs.  G.  H.  Garrey  and  Wm.  fl.  Emmons,  has  l)een 
generalized  and  Incorporated  in  PI.  1,  and  the  writer  Is  indebted  to  these  jxentlemen  for 
many  suggefltions  as  to  the  stratigraphy  In  these  hills.  The  description  here  ?iven 
applies  mainly  to  the  Goldfield  bills  beyond  the  area  shown  on  the  special  map.  The 
geology  of  these  outer  hills  was  studied  practically  without  a  topographic  base,  a  fact  in 
part  acconnting  for  the  shortcomings  of  the  map. 
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is  located  near  Goldfield.  Wells  at  Goldfield,  in  the  Siebert  lake  beds, 
have  struck  water,  but  the  main  water  supply  is  piped  from  distant 
points. 

OSHXRAL  OEOLOOY. 

In  the  detailed  survey  of  the  special  area  Mr.  Ransome  and  his 
assistants  recognize  the  following  formations,  named  from  the  oldest 
to  the  youngest:  Cambrian  (?)  jasperoid;  post- Jurassic  granite;  first 
andesite;  earlier  rhyolite;  andesite  and  dacite,  the  latter  formation 
probably  being  slightly  younger;  quartz  latite  and  rhyolite;  Siebert 
lake  beds,  with  associated  quartz-basalt  and  rhyolite  flows;  later 
rhyolite ;  later  tuffs,  and  basalt. 

Of  these  formations  the  Cambrian  jasperoid  and  the  first  andesite 
and  rhyolite  appear  to  be  confined  to  the  special  area  and  are  described 
in  another  bulletin  of  the  Survey.*  The  rhyolite  flow  breccia  occurs 
only  in  thin  flows  and,  because  of  the  small  scale  employed,  is  mapped 
with  the  basalt. 

SEDIMENTABY   ROCKS. 

Siebert  lake  beds, — The  Siebert  lake  beds  cover  considerable  areas 
in  the  central  and  southern  portions  of  the  Goldfield  hills  and  form 
a  band  between  the  basalt  and  the  Recent  desert  gravels.  The  actual 
distribution  of  the  formation  is  greater  than  that  shown  on  the  map, 
since  small  areas  lie  on  the  eroded  surfaces  of  the  andesite  and  the 
latite  and  rhyolite  in  many  places.  These  lake  beds  are  gray,  yellow, 
or  reddish  sandstones,  shales,  grits,  and  conglomerates,  composed  pre- 
dominantly of  material  derived  from  the  Tertiary  lava  flows,  but 
subordinately  of  Paleozoic  sedimentary  rocks  and  post- Jurassic  gran- 
ular igneous  rocks.  The  larger  bowlders  are  2  feet  in  diameter. 
Sections  on  the  mesa  scarp,  in  which  the  base  is  not  exposed,  show  a 
vertical  exposure  of  240  feet.  The  Siebert  lake  beds  were  folded  and 
the  edges  of  the  beds  truncated  by  erosion  prior  to  the  outflow  of  the 
later  rhyolite.  The  formation  closely  resembles  the  Siebert  lake  beds 
of  Tonopah  *  and  is  presumably  of  Miocene  age. 

Later  tuffs, — On  the  mesa  scarp  to  the  west  and  northwest  of  Gold- 
field  10  to  20  feet  of  tuffaceous  sandstone  lie  above  the  later  rhyolite 
and  beneath  the  basalt.  These  sediments,  probably  deposited  under 
water,  are  characterized  by  many  bowlders  of  a  silvery-gray  pumice, 
presumably  derived  from  the  erosion  of  the  surface  of  the  underlying 
rhyolite.  The  position  of  these  tuffs  beneath  the  basalt  with  no 
marked  erosional  interval  indicates  that  they  are  probably  to  be  cor- 
related roughly  with  the  lower  portion  of  the  Pliocene-Pleistocene 
older  alluvium  occurring  elsewhere  in  the  area  studied,  although  they 
were  probably  deposited  in  a  lake,  the  predecessor  of  the  older  playas. 

•  Ransome,  F.  L.,  Preliminary  account  of  Goldfield,  Bullfrog,  and  other  mining  districts 
In  southern  Nevada,  etc. :  Bull.  U.  S.  Geol.  Survey  No    303.  1007,  98  pp.,  5  pis. 

*  Spurr,  J.  E.,  Prof.  Paper  U.  S.  Geol.  Survey  No.  42,  100.%  p.  51. 
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IGNEOUS  ROCKS. 


Post-Jurassic  granite. — In  addition  to  the  granite  mapped  by  Ran- 
some  in  the  special  area,  pebbles  of  alaskite  and  a  somewhat  less 
siliceous  rock,  probably  to  be  correlated  with  the  darker  monzonite 
porphyry  of  the  northeast  spur  of  the  Silver  Peak  Range,  occur  in 
the  Siebert  lake  beds. 

Andesite  and  dacite. — Ransome  found  that  andesite  flows  and 
dacite  intrusions,  the  latter  probably  being  slightly  younger,  followed 
the  extrusion  of  the  earlier  rhyolite.  These  formations  have  been 
separated  in  the  detailed  study  of  the  Goldfield  special  area,  but  since 
the  andesite  is  by  far  the  more  abundant  rock,  the  dacite  is  here 
grouped  with  it.  It  is  the  most  widely  distributed  formation  in  the 
Goldfield  hills  and  appears  from  a  distance  to  cover  a  large  area  in 
their  northeast  portion.  The  later  andesite  is  a  rather  dark-gray  to 
light-pinkish  rock  with  dense  lithoidal  groundmass.  Phenocrysts, 
which  equal  the  groundmass  in  bulk,  consist  of  feldspar  and  horn- 
blende, augite,  and  biotite,  one  of  these  latter  being  present  in  many 
cases  to  the  almost  total  exclusion  of  the  others.  The  dacite,  which 
covers  considerable  areas  within  the  district  shown  on  the  special 
map,  extends  eastward  beyond  its  borders,  is  usually  slightly  lighter 
in  color  than  the  andesite  and  contains  a  few  quartz  phenocrysts. 

The  andesite  and  dacite  are  younger  than  the  earlier  rhyolite  and 
older  than  the  biotite  latite  and  rhyolite.  The  later  andesite  is  simi- 
lar in  many  ways  to  the  later  andesite  of  Tonopah  «  and  the  two  for- 
mations may  be  roughly  contemporaneous.  The  dacite  is  correlated 
with  that  of  the  Kawich  Range.  These  rocks  are  probably  of  early 
or  middle  Miocene  age. 

Qnartz  latite  and  rhyolite. — Several  outcrops  of  quartz  latite  and 
rhyolite  occur  in  the  hills  surrounding  the  Goldfield  special  area. 
While  some  of  these  may  belong  to  the  earlier  rhyolite,  the  majority 
should  certainly  be  assigned  to  the  quartz  latite  and  rhyolite.  Quartz 
latite  outcrops  2  miles  south  of  Preble  Mountain.  The  rock  here  has 
a  white  stony  groundmass,  slightly  exceeded  in  bulk  by  the  medium- 
sized  phenocrysts  of  which  black  mica  is  most  conspicuous,  while 
glassy  feldspar  striated  or  unstriated  and  slightly  smoky  quartz  also 
occur.  Many  small  ellipsoidal  areas  of  pumiceous  latite  are  pres- 
ent, indicating  that  the  rock  was  in  part  a  flow  breccia.  Under  the 
microscope  the  quartz  latite  is  seen  to  have  a  turbid  glassy  ground- 
mass,  with  many  eddying  flow  lines.  The  larger  feldspar  pheno- 
crysts are  andesine  and  in  total  bulk  the  plagioclase  phenocrysts 
slightly  exceed  those  of  orthoclase.  Orthoclase  in  particular  is 
zonally  built.  Quartz  has  been  greatly  and  biotite  slightly  corroded 
by  the  magma.     The  magma  must  have  been  very  viscous  prior  to  the 

•  Spurr,  J.  E.,  Prof.  Paper  V.  S.  Geol.  Survey  No.  42,  1005,  p.  33. 
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cessation  of  movement  in  it,  since  the  phenocrysts  are  typically  broken 
fragments.     Apatite  is  an  accessory  mineral. 

Rhyolitic  glasses  that  outcrop  3  miles  south  of  east  of  Diamondfield 
probably  belong  to  the  biotite-latite-rhyolite  series.  These  gray  per- 
litic  glasses  are  poor  in  phenocrysts,  although  biotite  and  less  com- 
monly feldspar  and  quartz  are  locally  present.  Flow  banding  is  evi- 
denced by  slight  alterations  in  the  color  and  texture  of  various  bands. 
The  perlitic  glass  grades  into  spherulitic  and  dense  pinkish-gray 
glassy  rhyolites.  The  perlitic  facies  breaks  readily  into  globular 
fragments  along  the  perlitic  parting.  The  clear  glass  in  some  thin 
sections  contains  sparse  phenocrysts  of  orthoclase,  quartz,  and  biotite, 
while  in  others  the  phenocrysts  are  more  abundant  and  oligoclase  is 
also  present. 

The  rhyolite  in  the  southeast  corner  of  the  Goldfield  hills  has 
highly  developed  flow  banding,  and  in  consequence  the  rock  has  a 
platy  structure  which  wraps  knotlike  around  the  phenocrysts. 
Blackish  glasses  with  numerous  phenocrysts  also  occur.  Microscopic 
examination  shows  this  glass  to  be  in  reality  a  latite  with  pheno- 
crysts of  oligoclase,  orthoclase,  biotite,  quartz,  and  hornblende. 

On  the  east  side  of  the  (Joldfield-Lida  road,  2|  milas  south  of  Gold- 
field,  is  a  poorly  exposed  area  of  rhyolite.  The  white  lithoidal 
groundmass,  much  of  it  brown  or  red  through  iron  stains,  somewhat 
exceeds  in  bulk  the  abundant  phenocrysts.  The  latter  include  glass}^ 
unstriated  feldspar,  somewhat  less  quartz,  and  a  few  black  mica  tab- 
lets. Fragments  of  a  pumiceous  rhyolite  are  present.  Under  the  mi- 
croscope the  groundmass  appears  as  a  turbid,  slightly  devitrified 
glass,  showing  flow  lines  and  spherulites.  A  few  rather  large  oligo- 
clase phenocrysts  are  associated  with  those  of  orthoclase,  quartz,  and 
biotite.  The  phenocrysts  are  all  somewhat  embayed  by  magmatic 
corrosion  and  were  broken  into  fragments  during  the  flow  of  the  nearly 
viscous  lava.  This  rhyolite  probably  belongs  to  the  series  under  con- 
sideration, although  it  may  be  one  of  the  later  rhyolites.  One  mile 
farther  south  a  similar  rhyolite  outcrops,  and  this  clearly  belongs  with 
the  quartz  latite  and  rhyolite  series,  since  it  was  a  low  boss  when  the 
mesa  basalt  was  extruded  and  that  formation  flowed  in  a  gentle  arch 
over  its  surface. 

The  quartz  latite  and  associated  rhyolite  are  older  than  the  Siebert 
lake  beds  and  younger  than  the  andesite. 

Quartz  basalt. — The  basalt  to  the  east  of  the  Lida  road  and  2  mil^ 
south  of  Goldfield  is  probably  a  portion  of  the  quartz-basalt  flow 
which  Ransome  found  interbedded  with  the  Siebert  lake  beds  in  the 
special  area. 

Later  rhyolite. — Lying  for  the  most  part  in  a  horizontal  position 
upon  the  eroded  Siel)ert  lake  beds  is  a  rhyolite  flow,  which  is  sepa- 
rated from  the  overlying  basalt  by  the  Pliocene  tuffs.     This  formation 
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is  too  thin  to  be  shown  on  the  map,  but  it  forms  a  narrow  band  from 
50  to  100  feet  thick  beneath  the  basalt  capping  of  the  mesa  and  occurs 
also  to  the  south  of  Goldfield  in  the  area  here  mapped  as  Siebert  lake 
beds. 

The  later  rhyolite  includes  a  number  of  facies  of  acidic  flow  rocks. 
On  the  Goldfield-Bullfrog  road,  3  miles  east  of  south  of  (Joldfield, 
the  formation  is  50  feet  thick  and  consists  of  4  feet  of  black  glass, 
above  which  is  20  feet  of  faded  brick-red  dense  rhyolite  and  above 
this  25  feet  of  lavender  lithoidal  rhyolite.  The  black  glass  has  an  ex- 
cellent flow  parting.  The  middle  rhyolite  carries  rather  numerous 
glassy  feldspar  phenocrysts,  which  are,  however,  subordinate  in  bulk 
to  the  groundmass.  It  contains  many  vesicles  elongated  parallel  to 
the  flow,  and  in  these  spherulites  are  developed.  The  spherulites 
in  some  instances  form  shelf-like  partitions  in  the  cavities.  Verti- 
cal columnar  parting  is  fairly  well  developed  in  this  portion  of  the 
flow.  Under  the  microscope  the  groundmass,  which  has  many  eddy- 
ing flow  lines,  shows  as  a  slightly  devitrified  turbid  gfass.  The  pheno- 
crysts are  orthoclase,  with  which  are  associated  a  few  of  plagio- 
clase  and  bluish-green  augite.  The  presence  of  considerable  quartz 
in  the  devitrified  glass  probably  justifies  the  use  of  the  name  rhyo- 
lite. The  upper  member  is  a  flow  breccia  with  lithophysa*  here  and 
there  throughout  its  mass.  The  phenocrysts  in  the  glassy  base  are 
seen  under  the  microscope  to  be  orthoclase,  bluish-green  augite,  and 
quartz.  A  rhyolite  similar  to  the  middle  member  of  this  section  is 
exposed  1^  miles  southwest  of  the  type  locality  and  north  of  the  Gold- 
field-Cactus  Spring  road,  1  mile  west  of  the  edge  of  the  alluvial  slope. 
Similar  rocks  occur  beneath  the  basalt  of  the  mesa  west  of  Gold- 
field.  One  facies  from  this  mesa  is  similar  to  the  upper  portion  of  the 
flow  at  the  type  locality,  although  phenocrysts,  particularly  quartz, 
are  more  abundant.  Apatite  is  also  microscopically  visible.  Such 
facies  locally  include  fragments  of  quartz  basalt  and  the  Cambrian 
jasperoid. 

The  extrusion  of  this  rhyolite  occurred  after  the  folding  and  ero- 
sion of  the  Siebert  lake  beds.  It  is  presumably  of  Pliocene  age.  Sim- 
ilar rocks  occur  in  the  Silver  Peak  Range,  in  Slate  Ridge,  and  l)eneath 
the  basalt  of  Pahute  Mesa. 

Bcutalt, — The  youngest  formation  of  the  Goldfield  hills  is  the  basalt 
which  forms  the  mesa  west  of  Goldfield,  with  which  the  basalt 
to  the  northwest  of  Diamondfield  is  probably  contemporaneous.  At 
one  time  basalt  covered  the  greater  portion  of  the  Goldfield  hills. 

The  basalt  is  for  the  most  part  a  dense,  compact,  dark-gray  or  black 
rock,  in  some  instances  with  phenocrysts  equal  to  the  groundmass  in 
bulk  and  in  others  without  phenocrysts.  The  phenocrysts,  which 
reach  a  maximum  length  of  one-fourth  inch,  include  glassy  striated 
laths  of  feldspar,  stocky  black  columns  of  augite,  and  rounded  grains 
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of  iron-stained  glassy  olivine.  Vesicular  facies  occur  at  the  top  and 
bottom  of  the  two  main  flows  that  compose  the  350  feet  of  basalt. 
With  the  introduction  of  vesicles  much  of  the  rock  takes  on  a 
magenta-red  color.  The  vesicles,  which  reach  a  maximum  length  of 
2  inches,  are  usually  elongated  parallel  to  the  flow  bedding.  Some 
of  them  are  filled  by  white  granular  calcite  and  others  by  chalcedony. 
Certain  bands  contain  in  a  basalt  matrix  many  fragments  of  basalt 
indicating  that  some  portions  of  the  rock  solidified  before  cessation  of 
movement  in  the  magma.     Surfaces  of  flows  are  often  ropy. 

Under  the  microscope  the  groundmass  is  usually  seen  to  be  holo- 
crystalline  and  composed  of  plagioclase  laths,  augite  columns,  and 
magnetite  grains.  Rarely  a  little  dark  glass  is  also  present,  and  in 
other  thin  sections  large  areas  of  augite  inclose  plagioclase  laths  in 
the  manner  of  the  ophitic  texture.  A  reddish-brown  serpentine  is 
developed  at  the  expense  of  olivine,  end  a  little  calcite  is  formed  from 
plagioclase. 

The  basalt  forms  a  typical  mesa,  and  buttes  isolated  in  the  desert 
gravels  have  been  carved  from  it  by  erosion.  This  rock  is  to  be  corre- 
lated with  other  basic  flows  widely  distributed  throughout  the  area 
surveyed,  which  are  presumably  of  late  Pliocene  or  early  Pleisto- 
cene age. 

STBUOTUEE. 

As  Ransome  has  shown,  the  Goldfield  hills  have  a  domical  struc- 
ture, the  oldest  formations  being  confined  to  the  central  portion  of 
the  hills.  He  further  shows «  that  the  older  Tertiary  rocks  have 
been  subjected  to  considerable  folding  and  some  faulting.  The  Sie- 
bert  lake  l)eds  usually  dip  away  from  the  central  portion  of  the 
Goldfield  hills.  Even  the  later  basalt  has  been  subjected  to  tilting,  in 
the  main  away  from  the  center  of  the  dome,  and  also  to  some  normal 
faulting.  These  faults  have  usually  an  east-west  or  north-south 
strike. 

EOONOMIC  GEOLOGY. 

The  ore  deposits  of  Goldfield  have  been  treated  at  some  length  in 
the  bulletin  already  mentioned.^  Outside  of  the  special  area  few  pros- 
pects exist.  The  andesite  and  rhyolite  3  milas  southeast  of  Preble 
Mountain  have  been  altered  similarly  to  those  of  the  productive 
territory  in  Goldfield,  and  the  area  has  been  located  by  prospectors. 

ALKALI    SPRING   FLAT. 

The  broad  valley  north  of  Montezuma  Peak  is  separated  from  Big 
Smoky  Valley  by  a  gravel -covered  divide.  The  valley  has  gently 
sloping  sides,  except  on  the  west,  where  it  rises  rather  steeply  to  the 
Lone  Mountain  foothills.     The  lowest  portion,  4,850  feet  above  sea 

«  Kansonie,  F.  L.,  Bull.  U.  S.  Geol.  Survey  No.  30.*?,  p.  21.  » Idem,  pp.  22-39. 
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level,  is  occupied  by  a  playa,  situated  considerably  west  of  the  center 
of  the  valley.  Inliers  of  rock  do  not  occur  at  a  distance  from  the  en- 
circling hills,  and  the  recent  alluvial  deposits  are  probably  deep. 
The  Ramsey  and  Klondike  wells  struck  water  at  240  and  140  feet, 
respectively.  The  Ramsey  Well  is  100  feet  higher  than  the  Klondike, 
and  water  could  probably  be  obtained  near  the  playa  at  shallower 
depths. 

SOUTHERN    KLONDIKE    HILLS. 
TOPOGRAPHY  AKD  OEOGRAPHT. 

Between  Ralston  Valley  and  the  flat  east  of  General  Thomas  Camp 
are  two  groups  of  conical  hills  and  ridges  joined  by  a  broad  sag 
formed  of  Siebert  lake  beds.  These  hills  are  separated  from  the 
Goldfield  hills  by  a  depression  filled  with  Recent  alluvial  deposits. 
The  highest  peak  in  the  northern  part  of  the  hills  reaches  an  altitude 
of  7,000  feet.  The  east  slope  of  the  group  is  comparatively  gentle, 
while  the  west  slope  is  steep.  The  hills  are  bare  of  timber  and  with- 
out water. 

OEITEEAL  GEOLOGY. 

The  formations  of  the  Southern  Klondike  hills,  named  in  order 
from  the  oldest  to  the  youngest,  include  Cambrian  sedimentary  rocks, 
Ix)st-Jurassic  granite,  earlier  rhyolite,  Siebert  lake  beds,  earlier 
quartz  latite,  basalt,  later  rhyolite,  later  quartz  latite,  and  earlier 
alluvium.  The  mapping  to  the  south  of  the  area  of  Siebert  lake 
lieds  is  approximately  correct,  while  that  to  the  north  is  less  accurate. 

SEDIMENTARY  BOCKS. 

Cambrian. — Cambrian  rocks  cover  a  considerable  area  in  the 
southern  part  of  these  hills.  They  consist  of  an  interbedded  series 
of  limestones,  jasperoids,  and  shales,  named  in  the  order  of  their 
abundance.  Neither  the  top  nor  the  bottom  of  the  series  is  exposed, 
but  it  is  many  hundreds  of  feet  thick.  The  limestone,  by  far  the 
predominant  member  of  the  series,  is  dark  gray  or  blue  black,  fine 
grained,  compact,  and  crystalline.  Bedding  planes  are  from  2  to  3 
feet  apart.  Weathered  surfaces  are  blackish  gray  in  color  and 
smooth  in  contour,  although  minor  irregularities  are  produced  by  the 
varying  hardness  of  th*  rock.  The  limestone  grades  into  a  silicified 
facies,  best  styled  a  jasperoid.  This  is  ordinarily  a  dense-banded 
rock  of  black  and  gray  color,  the  lamina?  of  which  are  in  many  cases 
but  one-fourth  inch  in  thickness.  It  breaks  with  a  conchoidal  frac- 
ture. The  slaty  shale  is  rather  fine  grained  and  of  dark-gray  or 
greenish-gray  color.  Even  minor  lenses  and  thin  parting  bands  of 
of  fine-grained  sandstone  are  rather  unusual.  The  sediments  form 
hills  of  moderate  slope  with  numerous  exposures.  No  fossils  were 
found,  but  the  lithology  of  the  series  is  similar  to  that  of  the  Lone 
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Mountain  hills  to  the  west,  and  in  consequence  the  rocks  are  almost 
certainly  Cambrian. 

Siehert  lal^e  beds, — The  iAtensely  dissected  gap  between  the  two 
groups  of  hills  is  composed  of  white  or  yellow,  well-bedded  tufa- 
ceous  sandstones,  conglomerates,  and  clays,  slightly  consolidated 
About  400  feet  of  this  formation  is  exposed.  Thin  sheets  of  rhyo- 
lite  appear  to  be  interbedded  with  the  sediments  at  the  south  end  of 
the  exposures.  These  soft  horizontal  beds  are  eroded  into  number- 
less low  rounded  hills  and  gullies.  Veins  of  white  calcite  from  one- 
fourth  inch  to  1  foot  thick  cut  the  sediments  and  stand  in  relief  on 
weathering.  These  l>eds  are  similar  lithologically  to  the  Siebert 
lake  beds  of  Tonoi)ah,''  and  like  them  have  thin  sheets  of  the  Tono- 
pah  rhyolite  near  their  top. 

Older  alluinn7ii. — North  of  the  large  isolated  latite  cone  on  the  west 
side  of  the  hills  occur  small  exposures  of  white  sandstones  and  con- 
glomerates. The  pebbles  and  bowlders  consist  of  latite  and  biotite- 
hornblende  andesite.  These  beds  are  perhaps  to  be  correlated  with 
the  older  alhivium,  probably  of  late  Pliocene  or  early  Pleistocene  age. 

IGNEOUS    ROCKS. 

Post' Jurassic  granite. — Three  small  areas  of  granitoid  jocks  lie 
near  Southern  Klondike.  Three-fourths  of  a  mile  northwest  of  the 
village  a  granite  sheet  250  feet  thick,  which  courses  northeast,  injects 
the  Cambrian  rocks  parallel  to  their  bedding.  Tliis  is  a  fine-grained 
rock,  although  minor  portions  are  of  medium  to  coarse  grain.  Under 
the  microscope  it  shows  as  a  rather  fresh  muscovite  granite  in  which 
some  oligoclase  occurs  with  orthoclase.  The  quartz  shows  gentle 
undulose  extinction,  but  the  deformation  indicated  is  not  great.  A 
little  sericite  and  less  kaolinitic  material  has  been  developed  in  the 
feldspars.  This  granite  weathers  into  small  rounded  bowlders,  and 
exposures  are  scarce.  It  is  complexly  cut  by  joints  0  inches  apart, 
and  in  those  parallel  to  the  bedding  of  the  surrounding  sediments 
quartz  veins  occur.  A  small  area  of  a  similar  muscovite  granite  of 
medium  grain  is  expostnl  one-fourth  mile  west  of  Southern  Klondike, 
An  aplitic  sheet  of  the  same  rock  injects  the  limestone  in  a  mining 
tunnel  at  the  village.  The  sedimentary  rocks  are  more  or  less  meta- 
morphosed in  the  vicinity  of  the  granite,  the  shale  in  particular  being 
altered  to  a  knotted  silvery  schist.  Granite  cuts  the  Cambrian  rocks 
and  occurs  as  pebbles  in  the  Siebert  lake  beds.  It  is  believed  to  be 
of  post -Jurassic  age. 

Earlier  rhyolite, — Prior  to  the  eruption  of  the  earlier  rhyolite 
which  occurs  near  Southern  Klondike  the  Cambrian  rocks  and  the 
granite  were  eroded  into  a  group  of  hills  of  slightly  greater  relief 

«  Spurr,  J.  E.,  Prof.  I'aper  I'.  S.  Geol.  Survey  No.  42,  1905,  pp.  51-^>5, 
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than  the  present  Southern  ILlondike  hills.  Since  that  extrusion 
erosion  has  removed  considerable  masses  of  the  once  more  extensive 
rhyolite  and  partially  exhumed  the  sedimentary  rocks.  The  rhyo- 
lite  at  the  northern  boundary  of  the  area  mapped,  on  the  west  side  of 
the  hills,  is  also  probably  the  earlier  rhyolite.  It  occurs  in  flows  and 
dikes,  the  flows  overlying  the  Cambrian  rocks,  the  dikes  clearly  cut- 
ting them.  The  white  or  pinkish  or  lilac-white  lithoidal  ground- 
mass  predominates  in  bulk  over  the  small  phenocrysts,  among  which 
feldspar  is  more  abundant  than  quartz.  Narrow  wavy  flow  bands 
wrap  around  the  phenocrysts.  One-half  mile  north  of  Southern 
Klondike  a  resin-colored  glassy  f acies  was  noted.  Rhyolite  tuffs  and 
flow  breccias  are  associated  with  the  normal  igneous  rock  near  the 
boundary  of  the  area. 

The  rhyolite  is  cut  by  two  sets  of  joints  from  2  to  5  inches  apart, 
and  the  flow  parting  constitutes  a  third  plane  of  weakness.  In  con- 
sequence the  residual  fragments  are  rectangular  or  platy.  Weath- 
ered fragments  are  characterized  by  small  pits,  the  casts  of  feldspar 
phenocrysts.  The  rhyolite  forms  yellowish  or  slightly  pinkish-white 
conical  hills  or  low  areas.  The  single  slide  examined  has  a  brown 
devitrified  groundmass  showing  flow  lines  and  spherulites.  Quartz 
and  orthoclase  predominate  in  the  groundmass,  while  the  rather 
sparse  phenocrysts  are  orthoclase,  quartz,  and  plagioclase.  The  rock 
is  a  rhyolite  tending  toward  latite.  The  earlier  rhyolite  is  tentatively 
correlated  with  the  Miocene  Tonopah  rhyolite-dacite  **  of  Tonopah,  a 
correlation  already  suggested  by  Spurr  ^  for  the  northern  mass. 

Earlier  quartz  latite, — In  the  northwest  portion  of  the  hills,  near 
the  areal  boundary,  is  an  outcrop  of  quartz  latite  of  dull-lilac  or 
medium-gray  color,  which,  however,  as  mapped,  may  include  some 
basalt.  The  dense  groundmass  contains  numerous  crystals  of  white 
striated  and  unstriated  feldspar  reaching  a  maximum  length  of 
one-eighth  inch,  and  black  mica.  Under  the  microscope  the  pre- 
dominant groundmass  shows  as  a  devitrified  glass  containing  con- 
siderable quartz.  Plagioclase  and  orthoclase  are  equally  abundant 
phenocrysts,  while  biotite  is  in  some  specimens  surrounded  by  a  re- 
action rim  of  magnetite.  Magnetite,  apatite,  and  zircon  are  ac- 
cessories. The  latite  flow  overlies  the  Siebert  lake  beds.  The  rock 
is  rather  similar  to  the  later  rhyolite  of  the  Goldfield  hills,  although 
less  siliceous,  and  the  two, are  perhaps  contemporaneous.  The  Gold- 
field  rhyolite  underlies  and  is  older  than  the  basalt. 

Basalt. — The  large  mass  of  volcanic  rock  capping  the  Siebert 
lake  beds  northeast  of  Southern  Klondike  appears  to  be  an  eroded 
basalt  flow,  as  are  the  hills  between  this  mass  and  the  large  playii 
crossed  by  the  road  from  Tonopah  to  Cactus  Spring.     It  is  probable 

■  Spurr.  J.  E.,  Prof.  Paper  U,  S,  Geol,  Survey  No.  42,  1905,  pp.  01-55. 
•Op.  clt,  p.  99. 
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that  this  basalt  is  to  be  correlated  with  that  of  Tonopah  and  the 
Monitor  Hills  and  that  it  is  of  Pliocene  age. 

Later  rhyolite, — The  eastern  side  of  the  hills  on  the  boundary  of 
the  area  is  formed  of  rhyolite  in  flows.  The  groundmass,  much  of 
which  is  glassy,  when  fresh  is  white  or  light  gray,  but  in  places  it 
is  stained  pink,  yellow,  or  brown  by  iron  oxides.  Medium-sized  feld- 
spar phenocrysts  are  more  abundant  than  those  of  quartz  and  biotite. 
This  rock  is  perhaps  contemporaneous  with  the  Oddie  rhyolite  «  of 
Tonopah,  which  is  younger  than  the  Siebert  lake  beds. 

Later  quartz  latite. — ^The  prominent  isolated  cone  between  the 
roads  4  miles  west  of  north  of  Southern  Klondike,  several  small  ex- 
posures east  of  this  cone,  and  a  considerable  portion  of  the  northern 
part  of  the  hills  east  of  the  Tonopah-Goldfield  road  are  composed  of 
a  lilac-gray  igneous  rock.  A  black  glassy  facies  occurs  on  the  east 
side  of  the  cone.  As  phenocrysts,  fresh  and  altered,  feldspars  are 
more  abundant  than  quartz  grains,  biotite  tablets,  and  hornblende 
columns.  Under  the  microscope  the  groundmass  appears  as  a  spheru- 
litic  glass  in  which  considerable  calcite  is  developed.  Orthoclase 
predominates  over  plagioclase,  which  proved  in  one  determination  to 
be  an  acidic  labradorite.  Apatite,  magnetite,  and  zircon  occur  as 
accessories. 

The  latite  is  characterized  by  vertical  flow  lines,  particularly  near 
the  contact  with  the  rhyolite,  and  the  mass  is  probably  a  volcanic 
neck.  It  is  very  similar  to  the  Brougher  dacite  ^  of  Tonopah,  al- 
though somewhat  richer  in  hornblende,  and  the  two  are  presumably 
contemporaneous  and  of  Pliocene  age. 

BTRTJOTintE. 

The  Cambrian  rocks  have  been  complexly  folded,  the  chief  struc- 
tural feature  being  an  anticline  with  a  northeast-southwest  axis. 
Superimposed  upon  this  anticline  are  numerous  lesser  anticlines  and 
synclines,  and  at  many  points  the  beds  are  intensely  crenulated.  The 
rocks  are  horizontal  or  dip  at  varying  angles  up  to  90°,  those  of  45° 
predominating.  The  folding  probably  immediately  preceded  and 
accompanied  the  granite  intrusion.  Faults  of  small  displacement 
occur,  and  brecciation  is  common.  The  sediments  are  cut  in  every 
direction  by  veins  of  calcite  and  less  commonly  by  those  of  quartz. 
The  veins  are  not  folded,  and  hence  fracturing  occurred  after  the 
folding  of  the  series  and  was  probably  connected  with  the  granitic 
intrusions.  Faulting  and  some  tilting  have  occurred  since  the  forma- 
tion of  the  Tertiary  rocks,  although  it  is  not  known  whether  the  tilting 
is  dependent  on  faulting  or  is  due  to  flexing  without  rupture.  On  the 
southern  edge  of  the  hills  dikes  of  earlier  rhyolite  are  faulted,  but 

•Spurr,  J.  E..  Prof.  Paper  U.  S.  Geol.  Survey  No.  42,  1005.  pp.  40-50, 
*  Ibid.,  pp.  44-48. 


Digitized  by  VjOOQIC 


SOUTHERN    KLONDIKE    HILLS,  ECONOMIC    GEOLOGY.  81 

lack  of  time  did  not  permit  their  being  mapped.  Some  faulting  also 
occurred  after  the  formation  of  the  ore  deposits  in  the  northern  part 
of  the  hills.  The  basalt  northeast  of  Southern  Klondike  dips  to  the 
south. 

ECONOMIC  OEOLOOT. 

GOIJ)   AND   8ILVEB. 

Gold  and  silver  ores  were  discovered  in  the  Cambrian  rocks  at  South- 
ern Klondike  in  March,  1899,  by  J.  G.  Court  and  T.  J.  Bell.  Since 
that  time  the  prosjKXJts  have  been  worked  more  or  less  continuously. 
It  was  while  on  a  trip  to  these  prospects  in  1900  that  J.  L.  Butler  dis- 
covered the  veins  at  Tonopah.  From  one  group  of  claims  shipments 
of  ore  ranging  in  vvalue  from  $200  to  $284  per  ton  and  aggregating 
$50,000  are  reported.  Several  thousand  feet  of  tunnels,  shafts,  and 
inclines  have  been  driven.  In  June,  1905,  eight  men  were  at  work  in 
the  cnimp. 

The  ore  deposits  are  of  three  kinds — first,  quartz  veins  «  which  are 
parallel  to  the  bedding  of  the  Cambrian  rocks,  and  which  carry  pre- 
dominant silver  values;  second,  veins  along  the  contact  of  the  sedi- 
mentary rocks  and  rhyolite  dikes,  the  values,  about  $45  per  ton,  being 
predominantly  gold,  and  third,  thin  veins  of  quartz  carrying  silver- 
bearing  galena  and  cerussite  in  granite  along  joint  fractures  parallel 
to  the  l>edding  of  the  surrounding  Cambrian  rocks.  The  veins  along 
contacts  apparently  show  post-mineral  faulting. 

The  quartz  veins  parallel  to  the  bedding  planes,  which  occur  at  and 
I  mile  east  of  the  village  of  Southern  Klondike,  are  of  greatest  value 
and  interest.  These  are  tabular  lenses  of  quartz,  from  a  few  inches  to 
a  foot  or  more  in  thickness.  Horses  of  limestone  are  included.  Adja- 
cent veins  connected  by.cross  veins  of  quartz  or  completely  separated 
by  thin  bands  of  limestone  form  in  some  instances  mineralized  zones 
14  feet  thick.  Quartz  appears  to  have  filled  a  fissure  in  the  limestone, 
^brecciation  of  the  limestone  having  accompanied  the  fissuring.  The 
contact  l)etween  the  limestone  and  quartz  is  sharp,  and  important  silici- 
fication  of  the  limestone  has  not  occurred.  Vugs  lined  with  acicular 
quartz  crystals  are  rather  characteristic. 

The  original  sulphides  deposited  simultaneously  with  the  quartz  and 
di^j^oniinated  in  small  masses  in  it  are,  in  the  order  of  their  abundance, 
galena,  copper  sulphide,^  and  iron  pyrites.  The  secondary  ores  in- 
clude cerargyrite,  chrysocolla  with  less  malachite  and  azurite,  specular 
hematite,  and  cerussite  in  brownish  granular  masses  and  to  a  less 
extent  in  crystals.     These  secondary  minerals  surround  the  sulphides 

«  For  a  detailed  description  of  this  type  see  Spurr,  J.  E.,  Economic  Geology,  vol.  1,  100(5, 
pp.   369-382. 

*  Stetefeldtlte,  according  to  J.  E.  Spurr,  Trans.  Am.  Inst.  MIn.  Eng.,  1005,  p.  061. 
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and  fill  cavities  and  cracks  in  the  quartz.  Some  calcite  and  gypsum, 
accompanied  by  sulphur,  are  secondary  gangue  minerals.  Sulphur  in 
places  forms  masses  3  inches  in  diameter.  Assays  did  not  detect  the 
presence  of  gold  at  the  surface,  although  gold  values  are  encountered 
50  feet  below  the  surface  in  one  tunnel.  One  small  aplite  dike  was 
noted  near  a  quartz  vein,  and  masses  of  quartz  rhyolite  are  not  far 
distant,  although  their  proximity  has  not  apparently  determined  an 
unusual  abundance  of  quartz  veins.  The  prospects  are  yet  well 
above  water  level. 

In  Southern  Klondike  fissures  and  brecciated  zones  were  opened 
in  the  Cambrian  sediments  along  bedding  planes.  Water  filled  these 
cavities  with  silica  and  lead,  copper,  and  iron  sulphides  carrying  silver 
and  less  gold.  The  quartz  veins  have  since  been  fractured  and  faulted, 
and  surface  waters  have  developed  a  number  of  secondary  minerals. 
In  this  district  the  presence  of  quartz  veins  at  the  contact  of  rhyolite 
and  limestone  shows  the  gold  veins  to  be  of  late  Tertiary  age,  but  the 
more  important  silver  veins  are  presumably  of  post-Jurassic  and 
pre-Tertiary  age. 

Water  is  obtained  at  the  Klondike  Well,  4  miles  distant.     The 
Southern  Klondike  hills  are  t)are  of  timber.     When  the  district  was 
.  visited  Tonopah  was  the  supply  and  shipping  point. 

The  earlier  rhyolite  northwest  of  the  Tonopah-Goldfield  road  near 
the  boundary  of  the  area  mapped  has  locally  been  silicified  and  kaolin- 
ized  by  mineralizing  waters,  and  in  it  some  quartz  veins  occur.  The 
reported  values  are  in  gold  with  less  silver.  The  Kankakee  Mining 
Company  has  a  100-foot  shaft,  which  passes  through  rhyolite,  tuffs, 
and  breccia.  Dense  quartz  fills  the  interstices  of  breccia  and  also 
occurs  in  veins.  The  ore  is  free  milling  and  is  said  to  run  about  $30 
in  gold  and  silver  per  ton,  although  as.say  returns  have  reached  $317. 
Spurr  «  says,  concerning  these  veins :  "  Through  these  rhyolites  run 
strong  and  persistent  veins  of  quartz  and  delicately  colored  chalcedony 
veins,  sometimes  containing  pyrite.  In  some  parts  of  some  of  these 
veins,  especially  in  the  oxidized  portions,  rich  assays  have  been  ob- 
tained." In  his  report  on  Tonopah  Spurr  correlates  these  veins  with 
those  of  the  Tonopah  rhyolite-dacite.^ 

I  BON   ORES. 

A  several  places  northwest  of  Southern  Klondike  lenses  of  porous 
hematite  occur  in  limestone.  These  masses  occupy  joints  in  the  lime- 
stone and  are  from  5  to  10  feet  wide  and  from  50  to  100  feet  long. 
The  hematite  appears  to  be  partially  a  replacement  of  limestone  and 
partially  a  cavity  filling.  Cubes  of  pyrite  are  present  in  the  neigh- 
boring limestone.  These  masses  of  iron  ore  are  probably  gossan  and 
with  depth  will  pass  into  pyrite  veins. 


'  Spurr,  J.  E.,  Bull.   V.  S.  Geol.  Survey  No.   21.3,  190ft,  p.  87. 
•Spurr,  J.  E.,  Prof   Paper  U.  S.  Geol.  Survey  No.  42,  1005,  p. 
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RALSTON    VALLEY. 

The  south  end  of  Ralston  Valley  is  within  the  area  surveyed  and 
lies  between  the  Monitor,  Goldfield,  and  Southern  Klondike  hills  and 
the  Cactus  Range.  Hills  surrounded  by  gravels  extend  from  the 
Cactus  Range  northeastward  toward  the  Kawich  Range  and  separate 
Ralston  Valley  from  Cactus  Flat,  and  on  the  divide  the  Recent  gravel 
deposits  are  probably  but  a  few^  hundred  feet  thick.  Ralston  Val- 
ley is  very  shallow,  the  rim  of  hills  being  in  many  places  but  200 
feet  above  the  playa  (elevation,  5,270  feet).  Low  sand  dunes  lie  on 
the  northeast  of  the  playa.  A  well  sunk  in  the  playa  struck  water 
at  a  depth  of  240  feet. 

STONEAVALL  FLAT. 

Stonewall  Flat,  of  northeast-southwest  trend,  is  inclosed  by  the 
Cactus  Range,  Stonewall  Mountain,  the  Goldfield  hills,  and  the 
Mount  Jackson  hills.  A  gently  sloping  detrital  divide  with  rock 
inliers  separates  it  from  Ralston  Valley  to  the  north,  while  the 
detrital  barrier  between  it  and  the  valley  north  of  Slate  Ridge  is 
less  than  100  feet  high.  Several  small  playas,  between  4,700  and 
4,800  fc»et  above  sea  level,  occupy  minor  depressions  in  the  valley. 
The  playas  nearest  the  Cactus  Range  are  encircled  by  low  sand  dunes. 
A  well  on  the  Goldfield-Gold  Crater  road,  2  miles  east  of  the  largest 
playa,  struck  water  at  a  depth  of  about  110  feet.  The  water  con- 
tains small  amounts  of  salt  and  probably  sodium  carbonate.  On 
the  west  side  of  the  largest  pl^ya  are  low  dissected  bosses  of  dazzling 
white  older  alluvium,  the  highest  of  which  are  25  feet  above  the  pres- 
ent playa.  Massive  beds  of  white  or  cream-colored  clay  of  fine 
texture,  with  thin  interbedded  layers  of  w^hite  limestone,  are  exposed. 
A  number  of  compact  lenticular  lime-carbonate  concretions,  with 
hackly  surface,  which  reach  a  maximum  length  of  6  inches,  are  em- 
bedded in  the  clay.  These  beds  resemble  those  of  Gold  Flat  and  the 
valley  north  of  Slate  Ridge  and  have  suffered  about  the  same  amount 
of  erosion.  They  were  evidently  deposited  in  an  ancient  playa, 
possibly  of  late  Pliocene,  but  probably  of  early  Pleistocene,  age. 

STONEWALL  MOUNTAIN. 
TOPOORAPHT  AKD  GEOGRAPHY. 

Stonewall  Mountain  rises  from  the  northwest  border  of  Pahute 
Mesa.  It  was  named,  according  to  some,  from  Gen.  Stonewall  Jack- 
son, but  by  others  the  name  is  said  to  have  been  derived  from  the 
precipitous,  wall-like  northern  face  of  the  mountain.  The  rugged 
mountain  group,  9  miles  in  diameter,  is  formed  of  sharp  peaks  and 
steep  ridges  culminating  in  a  summit  8.890  feet  high.  Stonewall 
Mountain  is  an  excellent  example  of  the  symmetrical  erosion  of  a 
homogeneous  mass  of  an  approximately  circular  horizontal  plan.   Deep 
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canyons  radiate  from  the  central  peak,  ending  at  the  alhivial  sloj^es 
2,500  to  3,000  feet  below.  The  most  striking  feature  of  the  moun- 
tain is  the  fault  scarp  at  Stonewall  Spring,  a  sheer  wall  800  to  1,000 
feet  high.  Erosion  has  cut  partially  through  this  scarp,  forming  a 
narrow  V-shaped  gap,  the  lowest  point  of  which  is  at  least  100  feet 
above  the  stream  IkhI  to  the  south.  Behind  this  wall  the  valley  is 
broad  and  U-shaped,  regaining  its  V  shape  some  distance  back  in  the 
mountains.  Other  streams  near  by  are  characterized  by  narrow  can- 
yons, which  open  upstream  into  more  mature  valleys. 

The  mountains  above  an  elevation  of  fiJOO  feet  are  clothed  with  a 
spars(»  although  locally  heavy  growth  of  juniper,  pinon,  and  mountain 
mahogany.  P^xcellent  pasturage  covers  the  higher  peaks  and  valleys. 
Groves  of  the  tree  yucca  occur  on  alluvial  slopes  to  the  west  and  on 
Pahute  Mesa  to  the  southeast.  Stonewall  Spring  yields  daily  about 
3,000  gallons  of  pure  cold  water.  A  stream  100  yards  long  flows 
from  a  spring  in  the  gulch  one-half  mile  east  of  Stonewall  Spring. 
Another  spring  is  located  1  mile  west  of  the  culminating  i>eak  of  the 
range. 

GENERAL  GEOLOGY. 

The  formations  of  Stonewall  Mountain  are,  in  ascending  order, 
Cambrian  limestone,  post-Jurassic  granitoid  igneous  rocks,  earlier 
rhyolite.  quartz  syenite  and  quartz-monzonite  porphyry,  Siebert.  lake 
l)eds,  later  rhyolite,  and  basalt. 

SEDIMKNTABY    KOCK8. 

(^mnhr'ian. — Three  small  masses  of  dark-gray  crystalline  limestone, 
cut  by  many  white  calcite  veinlets,  protrude  from  the  igneous  rocks 
near  the  north  edge  of  the  mountain.  Angular  inclusions  of  lime- 
stone and  jaspilite  are  embedded  in  the  older  rhyolite,  the  monzonite 
porphyry,  and  the  basalt.  The  limestone  is  similar  lithologically  to 
that  of  the  Cuprite  mining  district,  and,  like  it,  is  probably  of  Cam- 
brian age.  In  contact  with  quartz-monzonite  porphyry,  near  the 
northwest  boundary  of  the  mountain  mass  it  has  been  metamorphosed 
to  a  white  marble  containing  epidote. 

Stehert  hik"  heih, — Incoherent,  well-l>edded  tuffaceous  sandstones 
and  conglomerates  of  red,  yellow,  white,  and  greenish- white  color 
cover  a  small  area  oast  of  Stonewall  Spring.  The  bowlders,  which 
are  well  rounded  to  semiangidar,  are  largely  of  the  earlier  rhyolite, 
A  thickness  of  about  500  feet  is  exposed.  These  beds  are  without 
much  doubt  the  equivalent  of  the  Siebert  lake  beds. 

IGNEOfS    ROCKS. 

Post-Jffvassir  (jranitc  and  (jranltv  porphyry, — A  few  inclusions  of 
granite  occur  in  the  earlier  rhyolite  and  prior  to  the  extrusion  of 
that  rock  granite  may  have  been  exposed  in  these  mountains.     A  nar- 
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row  dike  of  granite  porphyry  cuts  the  easternmost  limestone.  This 
rock  has  a  finely  granular  yellowish  groundniass  in  which  are  inclosed 
medium-sized  quartz  and  feldspar  phenocrysts.  In  the  field  this  re- 
sembles the  granite  porphyry  near  Alkali  Spring  in  the  Silver  Peak 
Range  and  it  may  be  genetically  related  to  the  post-Jurassic  granites. 
Angular  fragments  of  a  gray  monzonite  porphyry  occur  in  the  earlier 
rhyolite  near  the  summit  of  the  group  and  these  may  be  correlated 
with  similar  rocks  of  the  Silver  Peak  Range  that  are  also  related  in 
origin  to  the  post -Jurassic  granites. 

Earlier  rhyolite. — Tlie  most  widely  distributed  formation  of  Stone- 
wall Mountain  is  a  rhyolite  characterized  by  many  small  colorless 
and  glassy  or  white  and  opaque  unstriated  feldspar  phenocrysts. 
Near  Stonewall  Spring  the  rhyolite  is  medium  gray  and  compact; 
that  of  the  highest  peak  is  also  compact  and  of  a  faded  red  color; 
the  rhyolite  of  the  small  hill  in  the  detrital  apron  on  the  southwest 
side  of  the  mountain  is  a  gray  lithoidal  rock.  The  rhyolite  from 
the  last  two  localities  contains  biotite  phenocrysts. 

An  indistinct  original  banding  is  locally  present  and  some  facies 
are  a  flow  l)reccia.  The  rhyolite  is  probably  a  flow,  although  the 
vertical  position  of  the  banding  in  places  and  the  texture  of  some 
facie^s  indicate  that  the  rock  may  possibly  be  an  intrusive  mass.  The 
rhyolite  as  exposed  at  present  is  several  thousand  feet  thick,  and  the 
granitoid  habit  of  the  quartz  syenite  which  injects  it  suggests  that 
it  was  probably  once  much  thicker.  The  rhyolite  haS  well-developed 
joints  over  large  areas  which  express  themselves  in  the  topography 
as  straight  elements.  Where  the  joints  are  less  closely  spaced  the 
rhyolite  weathers  in  rounded  forms  like  a  granite. 

Microscopic  examination  shows  the  rhyolite  to  have  either  a 
devitrified  glassy  or  a  microgranitic  groundmass  composed  of  pre- 
dominant orthoclase  with  fewer  quartz  grains  and  many  small  mag- 
netite cubes.  The  groundmass  varies  widely  in  grain  from  one  part 
of  the  thin  section  to  another,  but  is  everywhere  rather  fine  grained. 
Orthoclase  phenocrysts,  many  of  them  microperthitic,  with  ragged 
lx>rders  which  inclose  some  of  the  groundmass  anhedra,  are  abundant. 
Rarely  plagioclase  laths,  well-formed  biotitcs,  very  ragged  horn- 
blende, and  in  some  thin  sections  one  or  more  quartz  phenocrysts 
are  associated.     Zircon  and  apatite  are  accessories. 

The  mature  topography  of  Stonewall  Mountain  shows  that  the 
rhyolite  is  old,  and  pebbles  of  it  occur  in  the  Siebort  lake  beds.  It 
is  believed  to  be  older  than  the  rhyolite  of  the  Kawich  Range,  with 
which  it  has  no  lithologic  affinities,  and  is  probably  of  early  Eocene 
or  even  late  Cretaceous  age. 

Quartz  syenite  and  quartz-monzonite  porphyry. — Dikes  and  elon- 
gated masses  of  quartz  syenite  and  (|uartz-monzonite  porphyry, 
which  grade  into  one  another  and  are  hence  contemporaneous,  intrude 
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the  earlier  rhy elite  at  widely  separated  localities  in  the  mountain. 
Dikes  of  quartz  syenite  less  than  200  feet  wide  intrude  the  earlier 
rhyolite  on  the  fault  scarp  just  east  of  Stonewall  Spring.  The 
quartz  syenite  is  a  grayish-white,  medium-grained  granitoid  rock 
composed  of  unstriated  feldspar  with  a  little  biotite.  Microscopic 
examination  shows  the  presence  of  a  few  small  wedges  of  quartz 
between  the  feldspar  grains  and  the  biotite  tablets.  Ilmenite,  apa- 
tite, and  zircon  are  accessories.  The  granitoid  habit  of  these  small 
masses  indicates  that  its  magma  solidified  beneath  a  considerable 
depth  of  rhyolite  now  removed  by  erosion. 

The  quartz-monzonite  porphyry  is  typically  porphyritic  in  habit^ 
with  a  gray  and  black  speckled  holocrystalline  groundmass.  The 
phenocrysts,  which  predominate  over  the  groundmass,  include  white 
or  gray  glassy  feldspar,  striated  or  unstriated,  and  black  or  bronze- 
brown  biotite.  The  largest  phenocrysts  are  one-fourth  inch  in 
length.  The  contact  facies  of  the  dike  three-fourths  of  a  mile 
southeast  of  the  summit  of  Stonewall  Mountain  is  of  slightly  finer 
grain  and  includes  many  fragments  of  the  earlier  rhyolite.  The 
rock  weathers  into  rounded  bosses  and  disintegrates  into  spheroidal 
bowlders  stained  brown  or  reddish  by  iron  oxides.  The  microscope 
shows  that  the  microgranitic  groundmass  is  composed  of  ortho- 
clase  grains,  many  of  them  twinned  according  to  the  Carlsbad  law, 
with  a  few  associated  quartz  wedges  and  biotite  shreds.  The  pheno- 
crysts include 'both  plagioclase,  in  large  complex  individuals,  and 
orthoclase.  Phenocrysts  of  biotite  and  smaller  ones  of  light-green 
augite  are  also  present.  Magnetite,  apatite,  and  zircon  are  the  acces- 
sory minerals.  Calcite,  sericite,  and  kaolin  are  present  as  alteration 
products  of  the  feldspars. 

One  and  three-fourths  miles  upstream  from  the  easternmost  area  of 
Cambrian  limestone  a  poorly  exposed  black  glass  with  rather  numer- 
ous feldspar  phenocrysts  apparently  cuts  the  earlier  rhyolite.  The 
exposure  is  too  small  to  map.  Under  the  microscope  this  proves  to 
be  a  glass  with  orthoclase  and  a  few  bluish-green  augite  phenocrysts. 
It  may  well  be  a  glassy  form  of  the  quartz  syenite.  A  small  frag- 
ment of  hornblende  andesite,  unlike  any  rock  exposed  in  the  moun- 
tain, is  included  in  the  thin  section. 

The  quartz  syenite  and  quartz-monzonite  porphyry  of  Stonewall 
Mountain  intrude  the  earlier  rhyolite,  and  pebbles  are  embedded  in 
the  Siebert  lake  beds.  They  most  closely  resemble  the  post-Jurassic 
monzonite  porphyry  of  the  Silver  Peak  Range  (see  p.  59),  although 
they  are  not  very  different  from  the  monzonite  porphyry  of  the 
Kawich  Range  and  their  correlation  with  the  latter  is  more  nearly 
correct.    The  rocks  are  believed  to  be  of  late  Eocene  age. 

Later  rhyolite, — The  later  rhyolite  forms  the  low,  massive  brown 
and  gray  domes  of  the  eastern  part  of  Stonewall  Mountain.     Two 
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outlying  hills  on  Pahute  Mesa  to  the  south  are  of  the  same  formation. 
The  later  rhyolite  has  a  dense  gray  stony  to  glassy  groundmass.  In 
it  are  numerous  medium-sized  glassy  unstriated  feldspar  and  fewer 
rounded  quartz  phenocrysts.  The  feldspar  crystals  often  exhibit 
beautiful  plays  of  color,  purples  and  blues  being  refracted  from  nu- 
merous cracks.  The  glassy  facies  locally  show  well-developed  flow 
lines  and  spherulites,  while  slightly  vesicular  facies  also  occur.  The 
later  rhyolite  breaks  into  platy  fragments  and  in  places  a  granite- 
like weathering  is  developed.  The  rhyolite  flow,  as  now  exposed, 
1,200  feet  thick,  is  in  broad,  gentle  flexures  which  may  be  due  in  part 
to  the  slightly  uneven  surface  upon  which  it  flowed.  Microscopic 
examination  shows  a  turbid  glass  in  which  orthoclase  and  quartz  and 
fewer  acidic  plagioclase  phenocrysts  are  associated,  A  little  magnet- 
ite is  also  present.  » 

For  a  distance  of  2  miles  west  of  the  rhyolite,  pebbles  of  black 
glassy  obsidian  are  common  upon  the  surface  of  Stonewall  Mountain. 
These  pebbles  may  indicate  that  the  rhyolite  once  extended  some  dis- 
tance farther  west,  although  similar  rocks  were  not  noted  in  the  later 
rhyolite  section. 

The  later  rhyolite  overlies  and  is  in  consequence  younger  than  the 
Siebert  lake  beds.  The  contact  between  the  rhyolite  and  the  basalt 
which  forms  the  top  of  Pahute  Mesa  at  the  northeast  corner  of  Stone- 
wall Mountain  was  examined  at  one  point.  The  contact  is  slightly 
undulating,  and  the  base  of  the  overlying  rhyolite  for  5  to  C  feet  is  a 
flow  breccia  of  massive  blocks  of  vesicular  rhyolite.  This  apparently 
indicates  that  the  rhyolite  is  younger  than  the  basalt  beneath  it.  The 
topography  of  the  rhyolite,  however,  is  so  much  more  mature  than 
that  of  the  Pahute  Mesa  basalt  that  it  is  believed  that  the  rock  here 
underlying  the  rhyolite  is  a  portion  of  an  older  basalt  which  ex- 
tended from  Stonewall  Mountain  as  a  shelf  and  which  happened 
to  be  on  a  level  with  Pahute  Mesa.  The  later  rhyolite  is  probably  to 
be  approximately  correlated  with  the  later  rhyolite  of  the  Southern 
Klondike  hills. 

Basalt. — A  small  mass  of  a  grayish-blarck  basalt  outcrops  1  mile  east 
of  south  of  Stonewall  Spring.  Basalt  breccias  indicate  that  it  is  a 
flow.  The  age  of  this  rock  is  unknown,  but  from  the  apparent 
absence  of  its  bowlders  in  the  Siebert  lake  beds  it  is  probably  to  be 
correlated  with  the  later  basalt  of  the  Goldfield  hills. 

BTRUUTURE. 

The  Cambrian  limestone  is  practically  horizontal,  the  folding  being 
broad  and  open  like  that  of  the  hills  of  the  Cuprite  mining  district. 
In  restricted  areas,  however,  the  rock  is  closely  folded.  Prior  to  the 
extrusion  of  the  earlier  rhyolite  the  Paleozoic  rocks  appear  to  have 
had  a  gently  accentuated  topography.    The  most  striking  structural 


Digitized  by  VjOOQIC 


88 


SOUTHWESTERN    NEVADA   AND   EASTERN    CALIFORNIA. 


and  topographic  feature  of  Stonewall  Mountain  is  the  fault  on  the 
front  of  the  mountain  group,  near  Stonewall  Spring.  This  fault 
strikes  N.  65°  E.  and  dips  70°  N.  Minor  faults 
and  sheeting  parallel  to  the  main  fault  occur  for 
a  distance  of  one-half  mile  south  of  the  mountain 
front.  The  Sielnu't  lake  l>eds  strike  east  and 
west  and  dip  5°  to  50°  N.  This  fact  probably 
indicates  that  Stonewall  Mountain  is  on  the  up- 
thrown  side  of  the  fault.  The  fault  fissure  was 
healed  by  a  quartz  vein  and  has  l)eon  reopened 
b  several  times  and  again  healed.  (See  p.  88.) 
j^  Since  the  fissure  filling  erosion  has  nncoA'ered  the 
I  fault  and  a  secondary  fault  scarp,  whose  position 
I  is  determined  by  the  resistant  quartz  vein,  has 
j  l)een  formed.  The  topographic  form  of  the  valley 
I  of  the  Stonewall  Spring  drainage  line  (see  p.  84)  ^ 
?  indicates  that  in  comparatively  recent  time  the 
I  mountains  behind  the  fault  line  have  been  up- 
r  lifted.  Fig.  7  is  a  section  through  the  north  side 
I     of  Stonewall  Mountain. 
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ECONOMIC  OEOLOOT. 

Quartz  veins  and  stringers  filling  faults,  joints, 
and  the  cavities  of  brecciation  are  very  abundant 
in  the  earlier  rhyolite,  quartz-monzonite  por- 
phyry, and  quartz  syenite  near  Stonewall  Spring. 
The  most  prominent  vein  follows  the  fault  scarp 
immediately  south  of  the  spring.  The  quartz 
vein  is  in  some  places  simple  and  40  feet  wide; 
in  others  it  is  complex  and  composed  of  many 
parallel  veins.  This  vein  or  other  veins  of  ap- 
proximately similar  strike  extend  2  miles  west 
and  1  mile  east  of  the  spring.  The  quartz  is 
white  or  colorless,  rarely  greenish  ^^ellow,  and 
is  beautifully  crustified.  Vugs  with  quartz  crys- 
tals or  mammillary  quartz  are  common.  Move- 
ment reoccurred  along  this  fault  and  the  quartz 
has  locally  been  fractured  and  slightly  displaced, 
later  quartz  filling  the  cavities.  Heavy  stains 
of  limonite  and  slight  stains  of  azurite  were 
noted  in  the  quartz,  and  pyrite  is  locally  de- 
veloped. Prospectors  report  from  a  trace  to  $6 
in  gold  per  ton  at  a  number  of  places  on  this 
vein.  Similar  but  smaller  quartz  veins  occur 
areas    of    earlier    rhyolite    and    quartz-monzonite 
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A  prospect  i.;  located  in  the  Cambrian  limestone  area  2  miles  east  of 
Stonewall  Spring.  A  thin  vein  of  quartz  cuts  a  granite-porphyry 
(like,  which  here  intrudes  limestone.  The  quartz  is  slightly  limonite 
stained  and  said  to  carry  from  $2  to  $56  in  gold  per  ton. 

RANGES  NORTH  OF  PAHUTE  MESA. 

To  the  north  of  Pahute  Mesa,  which  occupies  the  central  portion  of 
the  area  surveyed,  lie  the  Cactus,  Kawich,  Reveille,  and  Belted 
ranges.  These,  with  the  exception  of  the  Cactus  Range,  trend  north 
and  south.  They  have  as  their  predominant  formation  a  rhyolite  of 
early  Miocene  age. 

CACTI  S  RANOK. 
TOPOORAFHY  AND  GEOORAPSY. 

The  Cactus  Range  lies  between  Stonewall  and  Cactus  flats.  To  the 
north  its  outlying  hills  are  separated  from  the  Monitor  Hills  by  Ral- 
ston Valley;  its  low  southern  portion  is  buried  l)eneath  lava  flows  of 
Pahute  Mesa.  The  range  as  defined  is  22  miles  long  and  has  a  crest. 
line  coursing  northwest.  The  low  central  part  is  almost  cut  in  two 
by  gently  sloping  valleys  filled  with  alluvial  nuiterial.  To  the  north 
of  this  median  line  the  range  culminates  in  Cactus  Peak,  a  symmet- 
rical cone  7,550  feet  high  and  a  landmark  visible  for  many  miles. 
The  highest  peak  of  the  range  south  of  the  center  line  is  a  black  mas- 
siA'e  mountain  7,000  feet  high. 

Pifion  and  juniper  grow  sparsely  on  the  higher  parts  of  the  range 
south  of  the  median  line,  and  the  tree  yucca  abounds  on  the  lower 
hills  and  upper  alluvial  slopes.  Good  grazing  is  found  on  the  allu- 
vial slopes  next  to  the  mountains  and  in  some  of  the  valleys.  Cactus 
Spring  has  a  daily  flow  of  about  500  gallons  of  clear  cold  water.  The 
water  of  Alkali  Spring  is  cool,  but  slightly  saline.  Several  other 
small  water  holes  are  reported  to  the  west  and  north  of  Alkali  Spring. 
Antelope  Spring  flows  from  300  to  400  gallons  of  cool  palatable 
water  daily,  and  two  smaller  evanescent  springs  are  situated  in  * 
gulches  to  the  south  within  one-half  mile  of  Antelope  Spring. 

OEKERAL  OEOLOOY. 

The  succession  of  formations  exposed  in  this  range,  from  the  base 
i!p,  is  as  follows:  Pogonip  limestone,  Eureka  quartzite,  Weber  con- 
glomerate, granite,  diorite  porphyry,  hornblende-biotite  latite,  earlier 
rhyolite,  biotite  andesite,  augite  andesite,  later  tuffs  ( ? ) ,  later  rhyo- 
lite (?),  and  basalt. 

SEDIMENTARY   BOCKS. 

Pogonip  limestone, — A  small  exposure  of  dark-gray  fine-grained 
limestone,  surrounded  by  alluvial  deposits,  occurs  in  the  broad  valley 
3  miles  south  of  the  Goldfield-Cactus  Spring  road.    This  limestone  is 
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cut  by  numerous  small  white  calcite  veins.  On  lithologic  grounds  it  is 
probably  the  Pogonip  limestone  of  Ordovician  age.  Bowlders  of  sim- 
ilar limestone  are  embedded  in  rhyolitic  tuffs  near  by  and  fragments 
of  limestone  and  jasperoid  are  inclosed  in  the  rhyolite  at  several 
places  and  in  a  granite  porphyry  in  the  northern  part  of  the  range. 
These  fragments  were  probably  derived  from  Ordovician  or  Cam- 
brian limestones. 

Eureka  quartzite. — Two  miles  southwest  of  Antelope  Spring  an 
area  of  quartzite  lies  unconformably  below  the  surrounding  rhyolite. 
This  is  a  fine-  to  medium-grained  quartzite  of  white,  yellow,  or  red 
color  and  is  cut  by  small  stringers  of  white  quartz.  From  its  litho- 
logic character  it  is  considered  to  be  the  Eureka  quartzite  (Ordo- 
vician). 

Weher  eonglomerate, — Three  miles  west  of  south  of  Cactus  Spring 
a  mass  of  rusty-looking  sedimentary  rocks,  one-half  mile  in  diameter, 
protrudes  through  rhyolite.  About  150  feet  of  conglomeratic  beds, 
with  the  matrix  of  sand  and  small  pebbles  thoroughly  cemented,  are 
exposed.  Eml)edded  in  this  matrix  are  many  beautifully  rounded 
pebbles  of  green  and  black  flint  and  jasperoid,  white  quartzite,  and 
black  limestone.  The  roundness  of  the  pebbles,  the  largest  of  which 
are  4  inches  in  diameter,  indicates  a  long  period  of  attrition  and  the 
conglomerate  is  probably  of  marine  origin.  Prior  to  their  inclusion 
in  the  conglomerates  the  pebbles,  probably  derived  from  Cambrian, 
Ordovician,  and  Silurian  rocks,  were  cut  by  quartz  and  calcito 
veinlets  and  the  limestone  silicified  to  jasperoid.  The  conglomerate 
is  thus  much  younger  than  the  Pogonip  limestone,  but  since  it  con- 
tains no  granite  or  diorite  pebbles  it  is  believed  that  it  is  of  Car- 
boniferous age  and  that  it  is  to  be  correlated  with  the  Weber  con- 
glomerate of  the  Belted  Range. 

IGNEOUS   ROCKS. 

Post-Jurassic  granite  porphyry  and  granite, — ^Midway  between 
Cactus  Peak  and  Cactus  Spring  is  a  small  area  of  granite  porphyry 
that  is  poorly  exposed,  but  lithologically  distinct  from  the  surround- 
ing rhyolite.  The  pinkish-gray  rock  is  of  well-developed  porphy- 
ritic  habit,  with  a  finely  crystalline  groundmass.  The  phenocrysts, 
which  exceed  the  groundmass  in  bulk,  are  pink  glassy  feldspar 
tablets  up  to  three-fourths  of  an  inch  in  length,  a  few  smaller  quartz 
grains,  and  fairly  abundant  biotite  flakes.  In  it  are  fragments  of 
Paleozoic  sedimentary  rocks.  Under  the  microscope  the  groundmass 
is  seen  to  be  a  microgranitic  mosaic  of  orthoclase  and  quartz  with 
here  and  there  a  little  plagioclase  and  biotite.  The  orthoclase  pheno- 
crysts, many  of  which  have  zonal  structure,  are  in  places  twinned 
according  to  the  Carlsbad  law.  Quartz,  biotite,  and  a  few  plagio- 
clase phenocrysts  are   associated.     Magnetite  and   zircon   occur  as 


Digifeed  by  VjOOQIC 


CACTUS   RANGE,  IGNEOUS   ROCKS.  91 

r.ccessory  minerals.  Both  quartz  and  orthoclase  phenocrysts  show 
iindulose  extinction,  which  in  certain  instances  is  rather  strongly 
developed.  The  plagioclase  phenocrysts  and  the  feldspars  of  the 
groundmass  are  turbid  through  kaolinization.  This  granite  porphyry 
closely  resembles  some  of  those  of  post-Jurassic  age.  Inclusions  of 
a  siliceous  granite  occur  in  rhyolite  at  a  number  of  places. 

Pre-Tertiary  diorite  porpkyry.-^Two  miles  north  of  Antelope 
Spring  is  a  small  area  of  greenish-gray  diorite  porphyr5\  The  rock 
has  a  well-developed  porphyritic  texture;  small  gray  striated  feld- 
spars, grayish-green  altered  hornblendes,  and  much  smaller  black 
micas  lie  in  a  fine-grained  gray  groundmass.  Under  the  microscope 
the  groundmass  appears  as  a  fine  microgranitic  mosaic  of  plagioclase 
and  some  orthoclase.  Of  the  phenocrysts  already  mentioned  both 
plagioclase  and  hornblende  are  much  altered,  the  plagioclase  being 
sprinkled  with  epidote,  calcite,  and  zoisite,  and  the  hornblende  being 
more  or  less  completely  replaced  by  epidote,  chlorite  (ripidolite,  in 
part),  and  calcite.  Ilmenite  and  apatite  are  accessory  minerals. 
This  rock  is  practically  identical  with  the  older  pre-Tertiary  diorite 
porphyry  of  the  Ix)ne  Mountain  foothills. 

Ilornhlende-hiotite  latite. — On  the  west  side  of  the  Cactus  Range, 
north  of  Wellington  and  south  of  the  median  line  of  the  range,  low 
rounded  bosses  of  a  much  altered  greenish-gray  rock  protrude  from 
beneath  the  younger  rhyolite.  The  dull  groundmass  contains  biotite 
plates,  white  or  pale-green  areas,  apparently  altered  feldspar,  and 
dark-green  areas,  probably  altered  hornblende,  while  the  weathered 
surfaces  show  numerous  casts  of  thase  phenocrysts.  The  rock  con- 
tains many  well-rounded  pebbles,  some  of  grayish-white  quartzite 
(Eureka?),  others  of  the  diorite  porphyry  last  described.  The 
largest  pebbles  are  3  inches  in  diameter.  The  latite  appears  to  have 
flowed  out  upon  an  old  erosional  surface  covered  by  well-rounded 
j>ebbles.  Under  the  microscope  the  groundmass  shows  as'a  glass,  now, 
however,  much  altered  and  composed  of  epidote,  calcite,  quartz,  and 
orthoclase.  The  plagioclase  phenocrysts  are  almost  completely 
altered  to  epidote  and  calcite,  with  less  chlorite,  quartz,  and  zoisite. 
The  hornblende  phenocrysts  are  altered  to  the  same  minerals,  although 
zoisite  is  as  a  rule  absent.  Biotite  is  replaced  by  chlorite  in  associa- 
tion with  sagenitic  webs  of  rutile.  The  phenocrysts  and  groundmass 
have  thus  been  altered  similarly,  although  the  secondary  minerals  of 
the  phenocrysts  are  coarser  in  grain  than  those  of  the  groundmass. 

Wherever  the  contact  with  the  rhyolite  was  seen  the  latite  appears 
to  be  the  older,  a  view  supported  by  the  absence  of  rhyolite  pebbles 
in  it  and  by  the  intejise  alteration  and  deformation  which  it  has  suf- 
fered. Petrographically  the  latite  is  rather  similar  to  the  later  ande- 
site  of  Tonopah,**  but  mineralogically  it  is  more  closely  allied  to  the 
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monzonite  porphyry  of  the  Kawich  Range;  it  is  therefore  tentatively 
considered  the  effusive  equivalent  of  that  formation  and  is  thus 
probably  of  Piocene  age. 

Earlier  rhyolite. — The  most  widespread  formation  of  the  Cactus 
Range  is  a  rhyolite  which  occurs  in  flows.  Throughout  the  range  it 
appears  to  bear  similar  relations  to  the  other  Tertiary  rocks  and  in 
the  main  probably  represents  a  single  period  of  rhyolitic  volcanisni. 
More  detailed  work  may,  however,  prove  that  some  of  the  rhyolites 
near  Cactus  Peak  are  younger  than  those  of  the  central  and  southern 
portions  of  the  range. 

The  rhyolites  vary  among  themselves  in  color,  in  character  of 
groundmass,  and  in  the  relative  abundance  of  the  various  phenocrysts. 
The  predominant  type  is  a  white  or  gray  rock  of  lithoidal  or  glassv 
groundmass,  in  which  are  embedded  abundant  medium-sized,  slightly 
smoky  quartz -and  glassy  orthoclase  phenocrysts;  biotite  phenocrysts 
are  small  and  inconspicuous  or  absent.  Other  phases  of  the  rhyolite 
are  black,  purple,  or  red  in  color.  The  phenocrysts  of  quartz  are 
typically  corroded  grains,  althougli  some  exhibit  the  dihexagonal 
pyramid  and  prism.  Wavy  flow  bands  of  slightly  different  color 
traverse  the  groundmass.  In  many  l)eds  irregular  fragments  of  rhyo- 
lite are  inclosed  in  a  matrix  of  similar  rhyolite,  showing  that  portions 
of  the  magma  were  solidified  prior  to  cessation  of  movement  in  the 
flow.  The  presence  of  well-rounded  pebbles  of  Paleozoic  rocks  in  the 
basal  portions  of  the  rhyolite  indicates  that  the  surface  upon  which 
the  lava  flowed  was  covered  by  such  pebbles. 

Microscopic  examination  of  several  thin  sections  shows  these  rocks 
to  be  normal  rhyolites.  The  groundmass  is  a  brown  glass,  and  many 
of  the  phenocrysts  are  fractured  by  flow.  One  or  two  acidic  plagio- 
clase  phenocrysts  are  present  in  some  sections.  Biotite  in  some  in- 
stances is  altered  to  chlorite  and  epidote  or  muscovite.  Accessories 
are  rare,  although  apatite  and  ilmenite  occur. 

On  weathering  the  feldspar  phenocrysts  are  removed  and  the  quartz 
protrudes  slightly.  In  some  portions  of  the  range  the  rock  has  the 
smooth  contours  of  weathered  granite,  but  in  the  vicinity  of  Cactus 
Peak  the  greater  resistance  to  erosion  of  certain  bands  gives  a  bedded 
aspect  to  the  series. 

Vertical  columnar  parting  is  well  developed  through  cooling  on 
Cactus  Peak,  while  on  the  (ioldfield-Cactus  Spring  road  horizontal 
hexagonal  joints  occur.  The  rhyolite  is  so  similar  to  that  of  the 
Kawich,  Reveille,  and  Belted  ranges  that  it  is  considered  to  be  also 
of  early  Miocene  age. 

Four  areas  of  slightly  consolidated  rhyolitic  sandstones  and  con- 
glomerates occur  in  the  Cactus  Range.  Two  arc  on  the  northwest 
border  of  the  range  near  the  Cactus  Spring-Tonopah  road,  a  third  is 
situated  2  miles  southwest  of  Cactus  Spring,  and  in  a  fourth  area 
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these  rocks  underlie  the  augite  aiidesite  on  the  east  side  of  the  range. 
The  tuffaceoiis  sandstone,  which  is  well  bedded  and  white  or  greenish 
in  color,  is  but  slightly  consolidated  and  breaks  down  readily  into  a 
deep  sandy  soil.  Interbedded  with  the  sandstones  are  conglomerates 
which,  in  the  area  southwest  of  Cactus  Spring,  contain  bowlders  of 
Paleozoic  limestone  3  or  4  feet  in  diameter.  These  beds  are  tentatively 
considered  rhyolitic  tuffs  deposited  in  local  basins  during  the  rhyolitic 
extrusion.  It  is  recognized,  however,  that  these  sediments  may  in 
reality  l>e  the  Siebert  lake  beds,  in  which  case  the  earlier  rhyolite  of 
Cactus  Range  is  of  late  Miocene  age  and  is  to  be  correlated  with  the 
later  rhyolite  of  the  Belted  Range. 

Biotite  andesite. — Dikes  and  flow^s  of  biotite  andesite  are  widely 
distributed  in  the  southern  part  of  the  Cactus  Range,  but  do  not 
appear  to  extend  far  north  of  the  Goldfield-Cactus  Spring  road.  In 
dikes  and  irregular  intrusive  masses  and  possibly  in  flow^s  this  rock 
covers  considerable  areas  southeast  of  Cactus  Spring,  apparent  dikes 
cut  the  rhyolite  at  Wellington,  and  an  andesite  flow  caps  the  highest 
mountain  in  the  southern  half  of  the  range.  Other  areas  of  biotite 
andesite  occur  northeast  of  Aijtelope  Springs,  and  a  traverse  from 
Wellington  to  Antelope  Springs  crossed  numerous  areas  of  this  rock 
too  small  to  show  on  the  present  map.  Dikes  of  biotite  andesite  occur 
on  both  sides  of  the  Goldfield-Cactus  Spring  road,  but  these  also  are 
too  small  to  indicate  on  the  map. 

The  biotite  andesite  is  everywhere  more  or  less  altered.  The  fresh- 
est rocks  have  a  d^rk-gray  groundmass  in  which  are  embedded  abun- 
dant medium-sized  phenocrysts.  Striated  feldspars  of  w  hite  color  and 
in  many  cases  of  zonal  growth  are  more  conspicuous  than  the  altered 
grayish-green  biotite  and  hornblendelike  mineral.  More  altered 
facies  are  greenish  gray  or  purplish  red  in  color.  The  andesite 
breaks  into  sharp  joint  blocks  which  on  further  alteration  develop 
spheroidal  weathering.  Under  the  microscope  this  rock  appears  to 
have  had  originally  a  pilotaxitic  groundmass.  Plagioclase  pheno- 
crysts are  common  and  grade  in  size  into  the  laths  of  the  groundmass. 
One  or  more  orthoclase  phenocrysts  are  present  in  the  majority  of 
slides.  Biotite  is  now  a  pseudomorph  of  chlorite,  calcite,  epidote, 
quartz,  and  sagenitic  rutile.  xVggregates  of  chlorite,  epidote,  calcite, 
and  quartz  surrounded  by  reaction  rims  of  magnetite  appear  in  some 
cases  to  have  the  form  of  a  pyroxene  and  in  others  that  of  an  amphi- 
bole.  Probably  both  minerals  were  originally  present.  These  pseudo- 
morphs,  like  the  plagioclase  phenocrysts,  grade  into  groundmass 
inicrolites  of  similar  form.    Magnetite  is  a  common  accessory. 

The  biotite  andesite  cuts  the  rhyolite  in  dikes  and  caps  it  in  flows; 
inclusions  of  rhyolite  occur  in  the  andesite,  and  near  some  of  the 
rhyolite  masses  the  phenocrysts  of  the  andesite  become  smaller.  The 
andesite,  then,  is  younger  than  the  rhyolite,  and  from  its  altered  con- 
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dition  it  is  believed  to  be  older  than  the  augite  andesite  and  basalt.  It 
closely  resembles  the  andesite  of  the  Goldfield  hills  and  may  be  con- 
temporaneous w  ith  it.  If  so,  it  is  probably  of  early  or  middle  Mio- 
cene age. 

Augite  andcHite, — A  flow  of  dark-gray  andesitic  rock  overlies  the 
tuffaceous  facies  of  the  earlier  rhyolite  2  miles  north  of  Antelope 
Springs.  In  the  dense  groundmass  are  blackish-green  pyroxene  and 
amphibole  columns  which  reach  a  maximum  length  of  one-eighth 
inch.  The  rock  breaks  into  sharply  jointed  blocks,  in  the  interstices 
of  which  some  epidote  has  developed.  Microscopic  examination 
shows  that  this  is  an  augite  andesite  with  glassy  groundmass  in  which 
are  numerous  plagioclase  laths,  pyroxene  crystals,  and  magnetite 
grains.  Augite  phenocrysts  with  slight  zonal  structure  and  twins 
j)arallel  to  the  orthopinacoid  are  abundant.  The  augite  is  remarkably 
fresh,  although  a  little  secondary  epidote  and  chlorite  is  locally 
present.  A  few  brown  hornblende  phenocrysts,  some  of  them  out- 
lined by  a  reaction  rim  of  magnetite,  also  occur.  Apatite  and  mag- 
netite are  present  as  accessory  minerals. 

The  augite  andesite  forms  a  flow  which  is  apparently  younger  than 
the  rhyolite  and,  to  judge  from  its  fresh  condition,  is  probably  also 
younger  than  the  biotite  andesite.  In  the  Great  Basin  the  pyroxene 
andesites  are  of  late  Pliocene-Pleistocene  age,**  and  their  formation 
usually  immediately  preceded  that  of  the  later  basalts. 

Later  rhyolite  (?) . — One  mile  northeast  of  Cactus  Peak  are  some 
low  hills  of  purplish-gray  rock  with  rather  large  feldspar  crystals. 
Tuffaceous  beds  underlie  the  igneous  rock,  and  the  two  rocks  are  prob- 
ably to  be  correlated  with  the  younger  tuff  and  the  youngest  rhyolite 
of  the  Goldfield  hills.  It  is  by  no  means  impossible  that  the  same 
series  underlies  the  basalt  in  the  west  slope  of  the  range. 

Basalt, — The  hill  3  milas  southeast  of  Antelope  Springs  is  com- 
posed of  rhyolite  apparently  overlain  by  basalt,  and  several  hills  along 
the  edge  of  the  range  on  the  Cactus  Spring-Silverbow  road  are  com- 
posed of  a  similar  rock.  The  dissected  mesa  slopes  on  the  west  side 
of  the  range  north  of  Wellington  appear  from  a  distance  to  be  a  north- 
ward extension  of  the  basaltic  rocks  of  Pahute  Mesa.  Probably  to  be 
correlated  with  the  basalt  is  a  reddish-brown  vesicular  rock  which 
caps  a  low  dome  IJ  miles  north  of  Cactus  Peak.  These  basalts  ap- 
l)ear  to  overlie  the  rhyolite  and  they  are  probably  of  late  Pliocene  or 
early  Pleistocene  age. 

STRTJOTUKE. 

The  Cactus  Range  is  predominantly  formed  of  Tertiary  rocks  un- 
conforniahly  overlying  Paleozoic  sedimentary  rocks  and  granites  and 
diorite  porphyries  probably  of  post-Jurassic  age.     The  small  areas  of 
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Paleozoic  sedimentary  rocks  are  gently  folded  in  a  manner  comparable 
probably  with  the  folding  of  the  Stonewall  Mountain  Paleozoic  rocks. 
Minor  normal  faults  were  observed  in  all  the  Tertiary  lavas,  although 
they  are  much  more  abundant  in  the  rhyolite  and  other  older  forma- 
tions than  in  the  younger.  The  rhyolite  in  places  is  tilted  at  an  angle 
of  30°,  but  it  was  not  determined  whether  the  tilting  is  due  to  fault- 
ing or  to  actual  folding. 

EOOKOKIO  OEOLOOY. 

Wellington,  formerly  called  O-Briens  Camp,  is  situated  on  low 
rounded  hills  in  the  southwestern  portion  of  the  range,  11  miles 
south  of  Cactus  Spring.  Claims  were  first  located  in  August,  1904, 
and  when  visited  (July,  1905)  several  men  were  doing  development 
work. 

The  country  rock,  the  earlier  rhyolite,  is  considerably  kaolinized 
and  silicified  in  the  vicinity  of  the  veins  and  is  heavily  stained  by 
limonite.  The  rhyolite  is  apparently  cut  by  dikes  of  altered  biotite 
andesite  of  purple  color.  Both  rocks  along  a  zone  striking  N.  70°  E. 
are  cut  by  quartz  veins,  many  of  which  strike  parallel  to  the  exten- 
sion of  the  zone  and  dip  northward.  The  larger  veins  are  from 
2  to  4  feet  in  width.  Connecting  these  are  numerous  quartz  stringers, 
which  course  in  all  directions,  in  many  places  cementing  crushed  por- 
tions of  the  rock.  The  quartz  is  semitransparent,  crystalline,  and  for 
the  most  part  white,  although  locally  intensely  stained  by  limonite  and 
manganese  dioxide.  Vugs  with  small  quartz  crystals  are  very  com- 
mon, as  is  also  crustification.  Minor  veins  of  calcite  were  observed. 
Differential  movement  has  occurred  parallel  to  some  of  the  veins, 
and  much  of  the  quartz  is  intensely  brecciated,  while  minor  faulting 
across  the  strike  was  noted  in  several  places.  Microscopic  examina- 
tion shows  that  the  brecciated  fragments  were  first  rimmed  by  fringes 
of  quartz,  the  interstices  being  later  filled  by  calcite  and  limonite. 
The  values  reported  are  largely  gold,  silver  constituting  but  one- 
twentieth  of  the  assay  value.  The  ore  is  free-milling  and  the  gold 
is  in  close  association  with  limonite.  The  quartz  and  the  contained 
ores  were  dej>osited  in  joints  in  the  interstices  of  breccia  and  along 
small  and  possibly  large  fault  fissures.  The  veins  have  been  faulted 
and  the  quartz  crushed.  Only  ores  oxidized  by  surface  waters  have 
as  yet  been  encountered. 

The  Cactus  Mining  Company  has  a  shaft  in  silicified  rhyolite 
three-fourths  of  a  mile  south  of  Cactus  Spring.  Coarsely  crystal- 
line white  quartz  veins,  with  many  vugs,  cut  the  rhyolite,  and 
these  on  surface  outcrops  are  heavily  stained  by  iron  compounds. 
Pyrite  and  chalcopyrite  are  sparingly  present  in  the  quartz  and 
to  a  less  degree  impregnate  the  surrounding  rhyolite.  Free  gold  is 
reported.     Both  fissure  filling  and  replacement  of  the  country  rock 
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have  occurred.  To  the  north  of  Alkali  Spring  some  quartz  veins  cut 
iron-stained  kaolinized  and  silicified  rhyolite.  Prospectors  report 
that  the  quartz  carries  low-grade  values. 

Over  a  considerable  area  south  of  the  Goldfield-Cactus  Spring 
road,  beneath  the  north  end  of  the  andesite  flow,  which  caps  the  high 
mountain  south  of  the  median  line,  and  in  several  smaller  areas  the 
rhyolite  has  been  silicified  and  kaolinized.  (See  fig.  4,  p.  43.)  Quartz 
veinlets  occur  in  some  of  these  areas.  Masses  of  hematite  and  limon- 
ite  outcropping  2  miles  S.  60°  E.  of  Cactus  Spring  may  be  the 
gossan  of  a  pyrite  vein.  Malachite  stains  occur  on  joint  surfaces  in 
the  biotite  andesite  one-half  mile  southeast  of  Cactus  Spring. 

HILLS  BETWEEN   THE   CACTUS  AND   KAWICH   RANGES. 
TOPOORAPHT  AKS  OEOOKAPHT. 

Lying  between  the  Cactus  and  Kawich  ranges  is  a  rather  broad 
ridge  of  north-south  trend,  from  which  low  domes  arise.  Tlie  south- 
ern part  of  the  ridge  is  a  mesa  sloping  gently  southward,  evidently 
once  a  portion  of  Pahute  mesa,  but  now  separated  from  it  as  a  result 
of  erosion.  The  hills  are  bare  of  timber.  A  small  seep,  dry  in  sum- 
mer, is  located  in  the  northern  part  of  the  ridge. 

GENERAL  GEOLOGY. 

The  formations  of  these  hills,  from  the  oldest  to  the  younge^st,  are 
the  following:  Eureka  quartzite,  rhyolite,  biotite  andesite,  and 
basalt. 

SKDIMENTABY    ROCKS. 

Eureka  ( ?)  qnartzite, — Mr.  T.  C.  Spaulding  states  that  a  small  hill 
on  the  north  of  the  range  is  composed  of  lilac-gray  quartzite.  The 
quartzite  is  rather  coarse  grained  and  contains  some  tiny  pebbles  of 
kaolinized  feldspar  and  red  jasperoid.  The  similarity  of  this  rocfe 
to  that  of  Quartzite  Mountain  in  the  Kawich  Range  indicates  that  it 
is  probably  the  Eureka  quartzite. 

lONKOUS    ROCKS. 

Rhyolite, — The  rhyolites  are  similar  to  those  of  the  Cactus  Range 
and  are  presumably  contemporaneous.  Slightly  vesicular  facies  are, 
however,  present. 

Biotite  andesite, — Masses  of  dark-gray  biotite  andesite  identical 
with  that  of  the  Cactus  Range  intrude  the  rhyolite  in  the  north- 
western portion  of  the  hills. 

Basalt, — The  greater  portion  of  these  hills  is  composed  of  black 
basalt  with  dense  groundmass.  The  phenocrysts  are  striated  feld- 
spar, black  pyroxene,  and  pellucid  olivine,  the  feldspar  and  pyroxene 
showing  a  rude  flow  aligmnent.     Vertical  columnar  jointing  is  well 
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developed  in  much  of  the  rock.  Some  tuffaceous  sediments  with  per- 
fect feldspar  crystals  lie  below  the  basalt  on  the  west  side  of  the  area, 
and  it  is  not  improbable  that  the  younger  tuffs,  as  well  as  the  later 
rhyolite  of  Goldfield,  are  here  associated  with  the  basalt.  This  rock 
is  probably  of  late  Pliocene  or  early  Pleistocene  age. 

MONITOR    HILLS. 

The  Monitor  Hills  are  situated  in  the  north-central  part  of  the  area 
surveyed.  They  are  of  gentle  grade  and  rise  1,000  feet  above  the 
surrounding  alluvial  slopes. 

eEKEBAL  OEOLOOY. 

The  rocks  of  the  Monitor  Hills,  the  oldest  being  named  first,  are 
granite,  Siebert  lake  beds,  rhyolite,  and  basalt. 

SEDIMENTABY  BOCKS. 

Siehert  lake  beds, — ^These  hills  are  in  greater  portion  formed  of 
sandy  slopes,  from  the  disintegration  of  well-bedded  tuffaceous  sand- 
stones. These  are  light  gray  or  white  in  color  and  usually  rather 
fine-grained,  although  some  facias  are  conglomeratic.  The  rounded 
pebbles  are  of  light-grayish  glassy  rhyolite.  The  tuffaceous  sand- 
stones show  an  apparent  exposure  of  800  feet.  These  beds  are  litho- 
logically  similar  to  and  are  here  correlated  with  the  Siebert  lake  beds 
of  Tonopah,  situated  16  miles  north  of  west  of  the  Monitor  Hills. 
These  Spurr<»  considers  of  Miocene  age. 

IGNEOUS  BOCKS. 

Granite. — Angular  fragments  of  a  medium-grained  siliceous  gran- 
ite occur  in  the  basalt  described  below,  indicating  that  the  basalt  in 
its  ascent  to  the  surface  passed  through  a  mass  of  granite. 

Rhyolite, — ^Two  isolated  hillocks  to  the  south  of  the  main  hills 
app)ear  from  a  distance  to  be  an  igneous  rock  that  is  lighter  in  color 
than  basalt,  and  that  is  probably  rhyolite. 

Basalt. — A  number  of  basalt  areas  are  scattered  over  the  Monitor 
Hills,  and  this  rock  caps  the  summit  of  the  group.  The  compact 
facies  has  a  dense  blue-black  groundmass  which  is  locally  spotted 
with  gray  blotches  one-fourth  inch  in  diameter.  The  phenocrysts 
include  light-gray  glassy  feldspar  from  one-sixteenth  to  one-half 
inch  in  length.  Columns  of  a  dark  pyroxene  and  rounded  grains  of  a 
glassy  black  substance,  presumably  olivine,  occur.  Under  the  micro- 
scope this  rock  proves  to  be  a  holocrystalline  olivine  basalt.  The 
black  color  of  the  olivine  in  hand  specimens  is  due  to  its  partial  alter- 

•  Sparr,  J.  E.,  Prof.  Paper  U.  S.  Geol.  Survey  No.  42,  1905,  p.  69, 
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ation  to  a  blood-red  serpentine.  Vesicular  facies  of  the  basalt  are 
usually  reddish  brown  and  scoriaceous  facies  are  brick  red.  In  some 
beds  angular  fragments  of  basalt  are  embedded  in  a  matrix  of  similar 
basalt,  forming  a  flow  breccia  and  showing  that  motion  continued  in 
the  lava  after  some  portions  had  solidified.  The  more  dense  facies 
show  spheroidal  weathering  well  developed.  Vesicular  basalt  bounds 
a  central  sheet  of  dense  basalt  and  a  ropy  surface.  The  original  flow 
surface  is  seen  at  places;  this  indicates  that  the  larger  portion  of  the 
basalt  is  without  doubt  a  flow.  The  largest  mass,  however,  is  prob- 
ably the  site  of  the  vent  from  which  the  flows  occurred. 

Where  the  contact  between  the  basalt  and  the  Siebert  lake  beds  is 
exposed  the  basalt  is  seen  to  lie  upon  the  eroded  surface  of  the  sand- 
stone. While  it  is  possible  that  some  masses  of  basalt  on  the  lower 
hill  slopes  are  flows  contemporaneous  with  the  Siebert  lake  beds  or 
are  later  sheets,  they  are  more  probably  portions  of  the  flow  which 
owe  their  position  partly  to  the  uneven  surface  of  the  tuffs  and 
partly  to  later  deformation.  The  basalt,  on  structural  and  lithologic 
grounds,  is  believed  to  be  contemporaneous  with  that  of  Tonopah, 
which  Spurr  ^  believes  to  be  of  late  Miocene  or  early  Pliocene  age. 

8T&T70TT7IIE. 

The  Siebert  lake  l)eds  and  the  basalt  flows  are  in  a  broad  way  hori- 
zontal, although  they  have  been  tilted  slightly  to  the  northeast.  The 
relative  distribution  of  the  basalt  and  the  lake  beds  is  such  as  to  sug- 
gest that  they  are  cut  into  a  number  of  blocks  by  intersecting  systems 
of  normal  faults. 

CACTUS  FLAT. 

Cactus  Flat  lies  between  the  Cactus  and  Kawich  ranges.  Its 
center  is  occupied  by  a  series  of  playas  with  north-south  trend, 
which  during  very  exceptional  rains  merge  into  one  another.  They 
are  from  5,^30  to  5,350  feet  above  sea  level,  and  are  surrounded  by 
low  sand  dunes.  In  this  valley  the  Recent  detrital  deposits  may  be 
thick.  The  valley  from  the  Cactus  to  the  Kawich  Range  across 
Cactus  and  Gold  flats  illustrates  the  steeper  slope  of  valleys  near 
large  and  high  mountain  masses  and  the  gentler  grade  near  small 
and  low  hills. 

G<3LD    FLAT. 

Gold  Flat  lies  between  Pahute  Mesa  and  the  Cactus  and  Kawich 
ranges.  Its  lowest  point,  5,035  feet  above  sea  level,  is  occupied  by 
a  playa,  4  miles  west  of  which,  in  a  small  inclosed  basin,  is  another 
playa.  North  of  the  larger  playa,  at  an  elevation  of  20  to  100  feet 
above  its  surface,  are  a  number  of  round  intensely  dissected  hillocks. 

•  Spurr,  J.  E.,  Prof.  Paper  U.  S.  Geol.  Survey  No.  42,  1905,  p.  69. 
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These  hills  show  a  total  thickness  of  100  feet  of  white,  well -stratified 
clay,  to  be  correlated  with  similar  playa  deposits  of  the  older  allu- 
vium in  the  Stonewall  Flat.  Presumably  this  playa  deposit  and 
its  associated  alluvial  slope  deposits  underlie  the  Recent  gravels  of 
Gold  Flat  at  no  considerable  depth. 

KAWICH  RANGE. 
TOPOORAPHT  AND  OEOGRAPHT. 

The  Kawich  Range  was  named  after  Chief  Kawich,  an  Indian 
who  lived  at  the  spring  at  the  head  of  Breen  Creek.  The  range  is 
a  southward  continuation  of  the  Hot  Creek  Range,  from  which  it 
is  separated  by  a  narrow  transverse  valley.**.  From  this  gap  it 
extends  50  miles  southward  to  a  point  where  it  sinks  beneath  the  lava 
flows  of  Pahute  Mesa.  The  range  has  a  well-developed  crest  line 
with  north-south  trend.  It  is  deeply  indented  by  valleys  at  Rose 
Spring  and  at  Kawich,  while  8  miles  north  of  Kawich  the  Recent 
alluvial  deposits  completely  arch  the  range. 

In  the  rugged  noilhern  part  of  the  range  the  sinuous  crest  line 
is  in  many  places  a  knife-edge  flanked  by  high  cliffs;  south  of  Rose 
Spring  the  topography  is  much  less  rugged.  From  the  main  crest 
line  subordinate  divides  of  similar  character  extend  at  right  angles. 
The  crest  line  at  the  north  edge  of  the  area  mapped  has  an  elevation 
of  9,000  feet,  while  in  the  south  end  of  the  range  it  rarely  rises 
above  7,000  feet.  Kawich  Peak,  with  an  elevation  of  9,500  feet,  is 
the  highest  summit.  Quartzite  Mountain,  a  beautiful  symmetrical 
dome  southwest  of  the  village  of  Kawich,  is  7,900  feet  high. 

The  Kawich  Range  is  intensely  dissected  b}^  many  stream  channels. 
The  drainage  line  of  Little  Mill  Canyon,  which  alone  is  abnormal, 
courses  east  2  miles,  bends  sharply  to  the  north,  and  1  mile  below 
again  turns  at  right  angles  and  resumes  its  easterly  course  to  the 
Reveille  Valley.  A  low  divide  separates  the  first  segment  of  the 
stream  from  a  prominent  east-west  valley  in  alignment  w4th  it  south 
of  the  mountain  southwest  of  the  town  of  Eden,  and  it  is  probable 
that  Little  Mill  Creek  has  captured  the  upper  part  of  its  valley. 

On  the  crest  line,  neaf  the  northern  boundary  of  the  region  shown 
in  the  map,  are  areas  of  an  older  and  more  mature  mountain  topog- 
raphy, with  gentle  slopes,  in  strong  contrast  with  the  rugged  charac- 
ter of  the  surrounding  ridges  and  cliffs.  Exposures  of  rock  are  few 
and  nowhere  conspicuous;  the  surface  is  covered  with  soil  and  sup- 
ports some  grass.  This  old  topography  is  in  advanced  maturity  or  in 
old  age,  but  the  hills  existing  on  its  rolling  surface  are  too  numerous 
to  call  it  a  peneplain.  Remnants  of  a  similar  surface  are  preserved 
in  the  Belted,  Amargosa,  and  Panamint  ranges,  and  in  the  Panamint 

•Spurr.  J.  E.,  Bull.   U.  S.  Geol.  Survey  No.  208,   1903,  p,  181. 
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the  surface  was  developed  prior  to  the  outflow  of  the  Pliocene- 
Pleistocene  (?)  basalt.  This  less  accentuated  surface,  which  prob- 
ably extended  completely  over  the  area  surveyed,  is  perhaps  of  early 
Pliocene  age. 

The  Kawich  Range  is  rather  heavily  timbered  at  its  north  end 
above  an  elevation  of  6,500  feet.  The  timber  line  becomes  higher  to 
the  south  and  neither  piiion  nor  juniper  grows  south  of  the  detritus- 
covered  gap  8  miles  north  of  the  village  of  Kawich.  In  conse- 
quence of  its  height  and  of  its  rather  heavy  growth  of  timber,  the 
Kawich  is  the  best  watered  range  within  the  area  surveyed.  The 
streams  of  this  range  have  already  been  described  (p.  18).  The 
springs  south  of  the  timbered  areas  are  small  and  some  become  dry 
during  the  summer.  The  following  are  rough  estimates  of  the  flow 
of  the  larger  springs  in  gallons  per  day :  Longstreets  Ranch  Spring, 
3,000  gallons;  Stinking  Spring,  2,000  gallons;  Heenan  Water,  1,500 
to  2,000  gallons;  Rose  (sometimes  called  Wild  Horse)  Spring,  2,000 
gallons;  Sumner  Spring,  1,500  gallons;  Corral  Spring,  1,500  gal- 
lons; Jarboe  Spring.  500  gallons.  At  Silverbow  and  Stephanite 
wells  have  been  sunk  in  stream  gravels  and  water  encountered  at 
depths  of  10  to  45  feet. 

OENXRAL  OEOLOOT. 

The  formations  of  the  Kawich  Range,  in  ascending  order,  are: 
Pogonip  limestone.  Eureka  limestone,  Lone  Mountain  limestone, 
granite,  diorite,  monzonite  porphyry,  earlier  rhyolite  with  minor 
contemporaneous  latite  and  dacite  and  basalt  flows,  biotite  andesite, 
dacite,  Siebert  lake  beds  (?),  later  rhyolite,  and  later  basalt  and 
associated  andesites. 

SEDIMENTAEY   ROCKS. 

Pogonip  limeMoiie  and  Enreka  quartzHe, — Quartzite  Mountain  is 
composed  of  Paleozoic  rocks  and  from  it  an  arm  extends  north  on  the 
west  side  of  the  range  and  another  south  on  the  east  side  of  the  range. 
Small  inliers  of  Paleozoic  rocks  also  occur  2  miles  east  of  Rose 
Spring,  6  miles  west  of  north  of  the  same  point,  and  3  miles  north  of 
west  of  Silverbow.  Angular  fragments  of  Paleozoic  jasperoid, 
quartzite,  and  schistose  shale  are  widely  distributed  in  rhyolite,  and  the 
vent  through  which  the  rhyolites  were  extruded  passed  through  Paleo- 
zoic rocks.  Inclusions  of  Paleozoic  rocks  also  occur  in  the  andesites 
southeast  of  Quartzite  Mountain. 

The  sedimentary  rocks  exposed  on  Quartzite  Mountain  consist  of 
1,200  to  1.500  feet  of  quartzite  underlain  by  400  to  600  feet  of  inter- 
bedded  quartzites,  slaty  shales,  and  limestones.  The  quartzites  of 
Quartzite  Mountain  are  typically  light  in  color,  usually  being  either 
white,  pinkish  white,  or  gray,  although  some  of  the  more  feldspathic 
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varieties  are  greenish  on  account  of  the  development  of  secondary 
sericite.  Rarely  thin  lamina^  of  dark  gray  or  black  alternate  with  the 
white  bands.  Pure  quartzose  facies  are  more  abundant  than  f eld- 
spathic,  although  well-characterized  arkoses  also  occur.  AVhile  these 
rocks  are  largely  quartzites  some  beds  are  better  defined  as  indurated 
sandstones.  The  rock  is  typically  fine  to  medium  grained,  but  con- 
glomerates with  well-rounded  pebbles  one-half  inch  in  diameter  also 
occur.  The  pebbles  include  smoky  or  pinkish  quartz,  probably  of 
granitic  origin,  pink  feldspar,  compact  red  jaspilite,  and  fine-grained 
biotite  schist  with  phenocrystic  muscovite  crystals  one-eighth  inch 
long.  These  pebbles  can  not  be  certainly  referred  to  any  Paleozoic 
rocks  seen  in  the  area  surveyed,  although  they  may  possibly  be  derived 
in  part  from  the  Cambrian  or  from  a  ])re-Cambrian  series.  The 
quartzite  is  medium  to  heavily  bedded.  Cross-bedding  is  common  and 
ripple  marks  are  locally  well  developed,  while  sun  cracks  are  rare  and 
confined  to  the  finer  grained  arkoses.  The  quartzite  is  well  cemented 
and  both  pebbles  and  matrix  are  cut  by  numerous  quartz  veinlets. 
The  presence  of  two  intersecting  systems  of  quartz  veins  at  an  angle 
of  45°  to  the  bedding  planes,  one  set  short  and  rather  w  ide  in  the  plane 
of  stretching,  the  other  thin,  more  numerous,  and  of  greater  length 
in  the  plane  of  compression,  indicates  that  the  quartzite  beds  have 
suffered  considerable  shearing.  Muscovite  films  have  been  developed 
on  some  parting  planes.  Minor  faults  occur  in  the  quartzite  mass  and 
in  some  cases  cut  the  quartz  veins.  Joints  are  well  developed  and  in 
consequence  the  rock  fragments  are  angular  blocks. 

The  rugged  inlier  of  quartzite  3  miles  north  of  east  of  Silverbow  is 
surrounded  by  rhyolite.  It  is  similar  lithologically  to  the  purer 
white  or  pinkish-white  quartzites  of  Quartzite  Mountain.  Thin 
quartz  veins  with  vugs  and  a  few  seams  of  pyrite  cut  it.  The  quartz- 
ite area  6  miles  west  of  north  of  Rose  Spring  exposes  400  feet  of 
similar  quartzite.  Conglomeratic  bands  with  white  quartz  pebbles 
one-half  inch  in  diameter  are  interbedded  with  the  fine-grained  bands. 

The  slaty  shale  of  Quartzite  Mountain  grades  on  the  one  hand  into 
argillaceous  sandstone  and  on  the  other  into  clayey  limestone.  The 
shale  is  fine  grained  and  olive  green  or  dark  gray  in  color,  although  in 
rare  instances  bright-green  facies  occur  through  the  development  of 
chlorite.  Secondary  mica  films  are  common  on  the  shale  parting 
planes. 

The  limestone  of  the  Quartzite  Mountain  section  is  a  siliceous, 
compact,  well-bedded  rock  of  medium  grain.  In  color  it  is  yellow  or 
reddish  yellow.  Some  beds  are  oolitic,  with  white  calcite  cement 
which  over  areas  one-half  inch  in  diameter  is  of  common  orientation 
and  reflects  light  like  a  single  cleavage  face.  The  texture  is  the 
poikilitic  of  igneous  rocks.  Suture  joints  occur,  but  are  not  char- 
acteristic.    In  the  small  area  of  sedimentary  rocks  2  miles  east  of 
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Rose  Spring  finely  banded,  dark-colored  silicified  limestone  similar 
to  that  of  the  Southern  Klondike  hills  outcrops,  and  this,  while 
])robably  Ordovician,  may  possibly  Ix*  a  Cambrian  inlier. 

The  rocks  of  Quartzite  Mountain  api^ear  to  have  been  laid  down 
in  a  shallow  sea.  At  some  periods  during  the  deposition  of  the  lower 
portion  the  sea  received  fragmental  material,  both  fine  and  medium 
grained;  at  others  it  received  but  little,  in  consequence  permitting 
the  deposition  of  limestone.  The  presence  of  sun  cracks  indicates 
that  at  times  the  deposits  were  even  above  sea  level.  The  main 
quartzite  mass  was  deposited  in  a  shallow  sea  to  which  medium  to 
coarse  fragmental  material  was  rather  constantly  supplied. 

The  rocks  beneath  the  quartzite  of  Quartzite  Mountahi  resemble 
the  interbedded  quartzites,  slaty  shales,  and  limestones  which  overlie 
the  Pogonip  limestone  of  the  Belted  Range.  In  consequenc*e  the 
lower  rocks  of  Quartzite  Mountain  are  probably  the  transitional 
l)eds  of  the  Pogonip  limestone,  while  the  quartzite,  notw  ithstanding 
its  unusual  thickness,  is  the  Eureka  quartzite. 

Lone  Mountain  Ibnentone. — A  small  limestone  hill  protrudes  from 
the  Recent  detrital  deposits  7^  miles  south  of  east  of  Rose  Spring. 
Mr.  T.  C.  Spaulding  collected  a  specimen  which  proves  to  be  a  gray 
crystalline  limestone  w4th  numerous  calcite  veins.  If  the  structure 
of  the  Paleozoic  rocks  extending  northward  from  Quartzite  Mountain 
beneath  the  rhyolite  of  the  Kawich  Range  continues  its  easterly  dip, 
this  limestone  lies  above  the  Eureka  quartzite  and  is  probably  the 
Ijone  Mountain  limestone  of  the  Eureka  section,  described  by  Hague. 

Siebert  lake  beds  (?). — Lying  unconformably  upon  the  earlier 
rhyolite  and  in  one  case  apparently  unconformably  below  the  later 
rhyolite  are  a  number  of  small  exposures  of  rhyolitic  sandstone, 
usually  conglomeratic.  These  slightly  consolidated  sandstones  are 
white,  gray,  or  greenish  in  color  and  are  distinctly  bedded.  The 
well-rounded  pebbles  and  bowlders,  the  larger  of  which  are  1  foot  in 
diameter,  include  Paleozoic  quartzites  and  jasperoids,  granites,  dio- 
rite  porphyry,  monzonite  porphyry,  and  the  earlier  rhyolite.  Quartz, 
feldspar,  and  biotite  crystals  are  characteristic,  and  either  explosive 
eruptions  of  rhyolite  occurred  during  the  deposition  of  these  sand- 
stones or  the  crystals  were  derived  from  rhyolites  with  incoherent 
groundmasses.  The  more  easterly  of  the  two  masses  mapped  3  miles 
north  of  Kawich  is  a  bedded  conglomerate  cemented  by  chalcedony. 
The  conglomerate  is  better  assorted  than  that  of  the  rhyolitic  sand- 
stone and  resembles  the  well-rounded  conglomerates  of  the  Amargos:i 
Range.  It  is  certainly  younger  than  the  earlier  rhyolite,  since  it 
carries  rhyolite  bowlders  and  is  perhaps  contemporaneous  with  the 
Siebert  lake  beds. 

Spurr"  found  similar  rhyolitic  sandstones  COO  feet  thick  at  the 
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north  end  of  th^  Reveille  Range.  If  the  correlation  of  the  earlier 
rhyolite  with  the  Tonopah  rhyolite-dacite  is  correct,  these  beds  are 
probably  the  Siebert  lake  beds,  of  Miocene  age.  The  last-mentioned 
exposure  may,  like  the  conglomerates  of  the  Orapevine  Range,  be  a 
shore  deposit  of  this  lake. 

IGNEOUS   ROCKS. 

Post- Jurassic  granite. — One  mile  west  of  Sumner  Spring  is  an  out- 
crop of  gray  granite  porphyrj^  with  a  dense  groundmass  containing 
many  phenocry^sts  of  feldspar  three- fourths  of  an  inch  in  length  and 
rounded  quartz  individuals  one-fourth  inch  in  diameter.  Under  the 
microscope  the  groundmass  shows  as  a  fine  mosaic  of  quartz  and  or- 
thoclase  with  a  little  plagioclase.  With  the  phenocrysts  of  orthoclase 
and  embayed  quartz  are  some  of  plagioclase  and  very  small  tablets 
of  biotite  altered  to  muscovite  and  a  rutilelike  substance.  Apatite, 
zircon,  and  magnetite  are  accessory  minerals.  The  relations  of  this 
mass  to  the  earlier  rhyolite  are  poorly  exposed,  but  on  lithologic 
pounds  it  is  considered  a  post-Jurassic  gi^anite  porphyry. 

Granite  inclusions  in  rhyolite  were  observed  at  five  widely  sepa- 
rated localities.  The  varieties  include  fine-  or  medium-grained  biotite 
granites,  coarse-grained  muscovite  granite,  pegmatitic  quartz,  and 
biotite  granite  with  porphyritic  feldspar  crystals  similar  to  the  gran- 
ite of  Lone  Mountain.  Large  bowlders  of  medium-grained  biotite 
granite  are  so  abundant  in  the  Siebert  lake  beds  4  miles  east  of  north 
of  Silverbow  that  a  granite  outcrop  was  probably  near  at  hand  when 
the  sandstone  was  deposited. 

Diorite  porphyry. — Bowlders  of  diorite  porphyry  are  associated 
with  those  of  granite  in  the  area  of  Siebert  lake  beds  just  mentioned. 
The  rock  has  a  white,  finely  crystalline  groundmass,  in  which  are 
embedded  numerous  white  striated  feldspar  phenocrysts  with  a  maxi- 
mum length  of  one-fourth. inch  and  smaller  biotite  phenocrysts.  The 
rock  is  similar  to  the  diorite  porphyry  of  the  Lone  Mountain  foothills 
and  is  probably  a  later  manifestation  of  the  post- Jurassic  granite 
ihtrusion. 

Monzonite  porphyry. — Monzonite  porphyry  occupies  an  area  4 
miles  long  and  3  miles  wide  west  of  Kawich.  It  has  a  fine-grained 
dark  or  medium-gray  groundmass,  in  which  are  embedded  abundant 
phenocrysts,  many  one-fourth  inch,  a  few  one-half  inch  long,  of  white 
or  greenish-white  striated  feldspar,  brown  biotite,  and  altered  horn- 
blende. ^VTiile  both  hornblende  and  biotite  are  usually  present  the 
relative  porportion  of  the  two  varies  widely  throughout  the  area. 
Oxidation  of  the  iron  of  the  rock  produces  pink  and  purple  varieties, 
while  kaolinization  gives  a  white  color. 

Microscopic  examination  shows  the  groundmass  to  be  a  medium- 
grained  interlocking  mosaic  of  orthoclase  and  plagioclase.     Plagio- 
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clase  phenocrysts,  which  are  more  abundant  than  those  of  hornblende 
or  biotite,  are  usually  complex  crystals  showing  albite  and,  less  com- 
monly, Carlsbad  and  pericline  twinning.  Zonal  growth  is  rather 
common.  The  plagioclase  is  slightly  altered  to  calcite,  zoisite,  sericite, 
and  chloritel  Biotite  is  altered  to  chlorite,  calcite,  magnetite,  titanite, 
and  epidote.  Areas  of  chlorite,  epidote,  calcite,  and  quartz  rudely 
preserve  hornblende  forms,  while  a  little  fresh  brown  hornblende  is 
present. 

Dikes  of  monzonite  porphyry  cut  the  Paleozoic  sediments  and  the 
main  mass  is  probably  an  eroded  stock.  The  outcrops  of  monzonite 
porphyry  are  cut  by  rather  closely  spaced  joints  and  in  consequence 
break  down  into  angular  blocks.  Spheroidal  weathering  is  here  and 
there  poorly  developed. 

The  monzonite  porphvi'y  in  places  appears  to  lie  upon  the  eroded 
edges  of  the  Paleozoic  sedimentary  rocks  and  inclusions  of  mon- 
zonite porphyry  occur  in  the  rhyolite  on  its  northern  border.  This 
rock  is  rather  similar  to  the  biotite-hornblende  latite  of  the  Cactus 
Range  and  more  closely  re^sembles  the  quartz-monzonite  porphyry  of 
Stonewall,  Shoshone,  and  Skull  mountains.  These  rocks  are  in  a 
broad  way  contemporaneous  and  of  late  Eocene  age. 

Earlier  rhyolite. — Earlier  rhyolite  with  associated  latite  and  dacite 
forms  most  of  the  mountain  range  north  of  an  east-west  line  2  miles 
north  of  Kawich.  Small  areas  occur  south  of  this  line  and  in  the 
Reveille  Valley.  The  rhyolite  south  of  Rose  Spring  and  on  the  flanks 
of  the  range  north  of  this  point  is  unquestionably  a  flow.  The  crest 
of  the  range  north  of  Rose  Spring  is  composed  of  compact  rhyolite, 
in  which  flow  bedding  is  absent  or  very  obscure.  It  is  probable  that 
the  crest  in  part  or  as  a  whole  lies  upon  the  fissure  from  which  the 
rock  was  extrudecT.  Some  of  the  masses  of  rhyolite  in  the  vicinity  of 
Kawich  are  perhaps  dikes  intruded  in  the  monzonite  porphyry,  and 
the  poorly  exposed  rhyolite  in  the  Paleozoic  quartzite  6^  miles  west 
of  north  of  Rose  Spring  may  also  be  a  dike. 

These  acidic  rocks  include  many  facies.  Perhaps  the  predominant 
type  is  a  reddish  rhyolite  with  compact  flinty  groundmass,  containing 
abundant  medium-sized  phenocrysts  of  glassy  orthoclase  and  slightly 
smoky  quartz,  with  fewer  and  smaller  phenocrysts  of  black  mica,  which 
in  some  instances  are  absent.  The  quartz  phenocrysts  are,  as  a  rule, 
rounded  crystals  and  only  a  few  show  the  dihexagonal  pyramid  and 
prism.  Other  rhyolites  are  gray  or  brown  in  color,  while  some  black 
glasses  with  the  normal  phenocrysts  also  occur.  In  the  more  glassy 
types  flow  lines,  spherulites,  and  perlitic  parting  are  common.  The 
microscope  shows  the  groimdmass  of  the  rhyolite  to  be  of  turbid 
brown  glass,  in  which  flow  lines  and  spherulites  are  well  developed 
locally.  The  phenocrysts  are  in  some  instances  well  formed  and  in 
others  are  angidar  fragments,  showing  that  flow  continued  while  the 
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lava  was  very  viscous.     Biotite  is  fairly  abundant  in  some  slidas. 
while  in  others  it  is  represented  by  ill-defined  pseudomorphs. 

Quartz  latites  are  widely  interbedded  with  the  rhyolites,  being  par- 
ticularly well  exposed  at  Stinking  Spring.  They  are  characterized 
in  the  hand  specimen  by  the  presence  of  phenocrysts  of  both  striated 
and  unstriated  feldspar  and  a  hornblende-like  mineral  which  reaches 
a  maximum  length  of  one-fourth  inch.  Microscopic  examination 
shows  a  glassj'  groundmass  containing  as  phenocrysts  quartz,  ortho- 
clase,  plagioclase,  and  hornblende  or  augite.  Both  feldspars  are 
often  zonally  built.     Magnetite  and  apatite  are  common  accessories. 

Brown  glassy  dacites  are  lass  widely  distributed.  Microscopic 
examination  shows  a  rock  similar  to  the  quartz  latite,  except  that 
plagioclase  is  present  to  the  almost  total  exclusion  of  orthoclase,  and 
ilmenite  accompanies  magnetite. 

Many  beds  of  the  acidic  serias  are  flow  breccias,  including  angular 
fragments  of  texturally  similar  or  dissimilar  acidic  rocks,  indicating 
that  portions  of  the  flow  solidified  prior  to  the  cessation  of  movement 
in  other  parts.  White,  slightly  porous  pieces  of  rhyolitic  glass, 
elongated  in  the  direction  of  flow,  are  common  in  certain  areas.  Sim 
ilar  inclusions  characterize  the  earlier  rhyolite  of  Goldfield  and  the 
rhyolite  of  Bullfrog. 

About  1^  miles  east  of  Rose  Spring  is  an  area  of  consolidated  white 
shaly  sandstones  and  coarse,  well-bedded  sandstones.  The  micro- 
scope shows  that  the  rock  is  a  typical  tuffaceous  sandstone  of  rhyo- 
litic composition.  It  was  probably  deposited  in  a  small  body  of  water 
contemporaneous  with  the  outflow  of  the  earlier  rhyolite. 

The  acidic  series  imparts  to  the  Kawich  Range  a  white,  yellow,  or 
red  color,  and  in  places  all  these  are  distributed  in  broad  bands 
either  horizontally  or  slightly  tilted.  Spires  are  developed  on  canyon 
walls  in  jointed  rhyolite,  the  same  rock  forming  rounded  bosses  in  the 
broader,  more  mature  valleys.  South  of  the  detrital  gap  in  the  range 
the  hills  have  a  marked  northwest-southeast  alignment  parallel  to  the 
strike  of  resistant  rhyolite  flow  bands. 

The  earlier  rhyolite  of  the  Kawich  Range  lies  below  supposed  Sie- 
l)ert  lake  beds  and  is  similar  to  and  probably  contemporaneous  with 
the  rhyolite  of  the  Belted,  Cactus,  and  Reveille  ranges  and  the  Bull- 
frog Hills.  In  a  general  way  the  series  is  comparable  with  the  pre- 
Siebert  rhyolites  and  dacites  of  the  Tonopah  district,**  which  are 
probably  of  early  Miocene  age. 

Earlier  hasalt.—iAinoT  flows  of  basalt  were  extruded  contempo- 
raneously with  the  earlier  rhyolite.  The  small  mass  of  dense  black 
basalt  with  sparse,  medium-sized,  glassy  feldspar  phenocrysts  three- 
fourths  of  a  mile  east  of  Silverbow  is  probably  such  flow.  This 
rock   on   microscopic   examination    proves   to   be   a   holocrystaUine 

•Spurr.  J.  E.,  I»rof.  Paper  U.  8.  (ieol.  Survey  No.  42,  1905.  pp.  37-43. 
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olivine-  and  augite-bearing  basalt,  somewhat  altered.  Orthoclase 
phenocrysts  are  also  present.  Small  inclusions  of  vesicular  basalt 
occur  in  rhyolite  IJ  miles  north  of  Silverbow.  Basaltic  flows  con- 
temporaneous with  rhyolite  also  occur  in  the  Amargosa  Range  and 
the  Bullfrog  Hills. 

Biotite  andesite. — One  mile  northwest  of  Silverbow  a  small  hill 
surrounded  by  alluvium  is  composed  of  a  fine-grained  dense  andesite 
of  gray  color.  The  small  phenocrysts,  which  are  in  rude  flow  orien- 
tation, consist  of  white  striated  feldspars  and  more  numerous  smaller 
biotites.  Southeast  of  Blakes  Camp  is  a  poorly  exposed  mass  of  a 
greenish-gray  andesitic  rock,  considerably  altered.  Biotite  and  stri- 
ated feldspars  one-eighth  inch  long  are  equally  abundant.  Under  the 
microscope  the  glassy  groundmass  is  seen  to  be  subordinate  to  the 
phenocrysts,  which  consist  of  medium-sized  simple  crystals  of  plagio- 
clase,  biotite,  and  a  few  deeply  embayed  orthoclase  individuals.  The 
plagioelase  is  considerably  ahered  to  calcite,  and  the  sericite  and  the 
biotite  to  chlorite.  It  is  probable  that  these  two  exposures  are  to 
be  correlated  with  one  another  and  with  the  biotite-andesite  intrusive 
in  the  rhyoHte  of  the  Cactus  Range. 

Dacite. — In  the  vicinity  of  Rose  Spring  are  five  small  areas  of 
dacite.  Another  small  mass  lies  1  mile  east  of  Stinking  Spring  and 
a  rather  similar  rock  is  exposed  3  miles  south  of  Georges  Water. 
The  dacite  has  a  compact  aphanitic  groundmass  of  medium  to  dark- 
gray  or  brown  color.  The  phenocrysts  equal  the  groundmass  in  bulk, 
and  consist  of  medium-sized  glassy  striated  feldspars,  hornblende, 
mica,  and  quartz.  The  quartz,  while  not  abundant,  is  constantly 
present.  A  few  well-formed  crystals  of  striated  feldspar,  evidently 
of  a  later  origin  than  those  just  mentioned,  are  from  three-fourths  of 
an  inch  to  1|  inches  long.  These  are  white  or  gray  in  color  and 
include  tiny  biotite  plates  and  hornblende  columns.  Weathering 
brings  out  clearly  the  zonal  structure,  while  Carlsbad  twins  are 
sometimes  seen.  The  phenocrysts  near  contacts  with  older  rocks 
possess  a  parallel  flow  orientation.  Microscopic  examination  shows 
the  rock  to  have  a  felty  groundmass  of  plagioelase  laths  with  a  few 
orthoclase  and  quartz  grains.  Many  of  the  smaller  plagioc^lase 
phenocrysts,  which  are  usually  compound  and  slightly  rounded  by 
magmatic  corrosion,  show  beautiful  zonal  growth.  Plagioelase  is 
ordinarily  fresh,  although  calcite  is  locally  developed  from  it.  One 
or  more  quartz  phenocrysts  deeply  embayed  are  present  in  most  of 
the  thin  sections.  Biotite,  usually  surrounded  by  a  magnetite  reac- 
tion rim,  is  abundant.  Forms  characteristic  of  hornblende  and 
heavily  rimmed  by  magnetite  grains  are  completely  altered,  calcite, 
in  places  accompanied  by  serpentine,  and  magnetite  being  the  altera- 
tion products.  Magnetite  and  apatite  are  accessory  minerals.  The 
dacite  occurs  in  dikes  and  irregular  intrusive  masses  which  cut  the 
earlier  rhyolite  2  miles  southwest  of  Sumner  Spring.     The  mass  1^ 
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miles  east  of  Rose  Spring  is  intrusive  in  shaly  sediments  that  are 
probably  interbeclded  with  the  earlier  rhyolite.  This  dacite  is  litho- 
loorically  identical  with  the  dacite  of  the  Goldfield  hills  and  the  two 
are  probably  conteniix)raneous  and  of  middle  Miocene  age. 

Latf'r  rhyoVde, — Forming  the  gently  sloping  flanks  of  the  range 
west  of  Silverbow  and  capping  some  of  the  hills  to  the  south  of  the 
same  village  is  a  brown,  dense,  and  in  many  places  glassy  rhyolite 
characteristically  poor  in  biotite  and  rich  in  quartz  phenocrysts. 
Vesicles,  elongated  parallel  to  the  flow  banding,  and  vertical  joints 
of  cooling  occur.  In  some  places  this  rhyolite  apparently  lies  upon 
the  slightly  eroded  surface  of  the  earlier  rhyolite,  and  5  miles  south 
of  Blakes  Camp  it  appears,  at  a  distance,  to  overlie  the  Siebert  lake 
l)e(ls.  The  later  rock  has  suffered  much  less  erosion  than  the  earlier 
rhyolite.  The  rock,  so  far  as  s(*en,  w^as  not  altered  by  the  mineraliz- 
ing waters  which  formed  the  ore  deposits.  This  rhyolite  is  younger 
than  the  supposed  Siel)ert  lake  beds  and  is  perhaps  about  contem- 
poraneous with  the  later  rhyolite  of  the  Belted  Range. 

Litter  hdHdlt  and  associated  andenites. — Basalt  caps  the  Kawich 
Range  south  of  Quartzite  Mountain.  A  numln^r  of  basalt  hills  outcrop 
In  the  Reveille  Valley,  and  on  the  east  side  of  the  range  are  a  number  of 
low  buttes  partly  of  the  same  rock.  The  basalt  of  the  south  end  of 
the  range  is  black,  dense,  and  more  or  less  Vv^sicular.  The  cone  on  the 
east  flank  of  the  mountains  10  miles  east  of  north  of  Kawich  is  com- 
posed of  a  similar  rock,  in  which  a  few  small  feldspar  laths  are  the 
only  conspicuous  phenocrysts.  Olivine  basalts  occur  in  the  Reveille 
Valley.  Basalt  also  forms  a  mesa  5  miles  west  of  Silverbow.  Andesite 
is  associated  with  some  of  the  basalt.  The  andesitic  rocks  of  the 
Reveille  Valley  have  a  dense  mottled  reddish -gray  or  lilac-gray 
groundmass,  which  is  locally  vesicular.  The  medium-sized  pheno- 
crysts, which  equal  the  base  in  mass,  include  glassy  striated  feldspar 
laths,  many  of  which  are  twinned  according  to  the  Carlsbad  law; 
fewer  biotite  plates,  and  hornblende  or  pyroxene  columns.  Sphe- 
roidal weathering  is  rather  characteristic.  Flow  breccias  occur  in 
Iwinds,  and  the  rock  appears  to  l)e  closely  related  to  the  associated 
basalts,  each  partially  burying  the  small  earlier  rhyolite  outcrop.  A 
similar  roSck,  although  practically  lacking  biotite,  forms  a  numl)er  of 
low,  flat-topped  hills  G  miles  south  of  Kawich.  Phenocrysts  are 
abundant  in  some  facies  and  in  others  lacking.  The  rock  occurs  in 
flows  which  dip  to  the  east.  The  hill  C  miles  X.  80*=^  E.  of  Kawich  is 
capped  by  vesicular  basalt  beneath  which  are  gray  andesitic  rocks 
with  glassy  striated  feldspar  phenocrysts  up  to  one-fourth  inch  in 
diameter. 

The  basalt  is  similar  to  that  of  the  Belted  and  Reveille  ranges  and 
is  probably  of  late  Pliocene  or  early  Pleistocene  age.  The  andesites 
are  doubtless  earlier  manifestations  of  the  same  periods  of  volcanism. 
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BTRTJOTTTRE. 

The  Paleozoic  rocks  are  complexly  folded  (see  fig.  8).  The  Quartz- 
ite  Mountain  st^ction  is  a  north-south  monocline  with  dips  of  10°  to 
30"^  E.  The  Paleozoic  rocks  on  the  west  side  of  the  Belted  Range 
dip  to  the  east,  and  the  Kawich  Valley  probably  overlies  a  gentle 
syncline,  although  the  structure  may  be  much  more  complex.  The  ver- 
tical strata  of  the  inlier  8  miles  north  of  east  of  Silverbow  strike  east 
and  west.  The  quartzite  0  miles  west  of  north  of  Rose  Spring  strikes 
X.  75°  W.  and  dips  45°  S.  2k)nes  of  brecciation,  indicating  that  this 
pre-Tertiary  folding  was  accompanied  with  some  faulting,  are  not  un- 
usual. The  presence  in  the  volcanic  rocks  of  Paleozoic  inliers  proves 
that  prior  to  the  inauguration  of  the  Tertiary  volcanism  the  Pale- 
ozoic rocks  of  the  Kawich  Range  had  a  diversified  topography.  The 
moimtain  range  then  may  have  l)een  as  rugged  as  now,  since  the  val- 
leys on  either  side  were  doubtless  at  lower  levels  than  at  present. 

It  is  imknown  whether  or  not  the  normal  faults  in  the  monzonite 
porphyry  at  Kawich,  which  are  in  part  older  and  in  part  younger 
than  the  ore  deposits,  were  formed  prior  to  the  outflow  of  the  rhyolite. 


D                            Monzonite 
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Fig.  8. — East-west  section  across  Kawich  Kanj?e  2\  miles  north  of  Kawich. 

The  rhyolite  series  north  of  Rose  Spring  is  a  monocline  with  north- 
south  strike  and  low  easterly  dip.  Minor  folds  of  similar  strike  are 
superimposed  upon  the  monocline.  At  the  detrital  gap  the  strike 
changes  to  northwest  with  a  dip  of  10°  to  20°  NE.  This  uplift 
occurred  after  the  deposition  of  the  Siebert  lake  beds,  since  they  lie 
on  the  very  crest  of  the  range.  Joints  were  developed  in  the  rhyolite 
contemporaneously  with  the  folding.  Sheeting  parallel  to  the  folds 
is  rather  characteristic,  although  cross  joints  occur.  After  the  out- 
flow of  the  basalt  the  range  was  uplifted,  as  is  shown  by  the  fact  that 
the  flows  southeast  of  Quartzite  Mountain  have  a  decided  dip  to  the 
east.  An  undetermined  amount  of  normal  faulting  accompanied  the 
post-rhyolitic  elevation,  and  in  certain  areas,  notably  in  the  shales 
associated  with  the  rhyolite  1 J  miles  east  of  Rose  Spring,  the  faulting 
is  very  complex. 

ECONOiaO  OEOLOOY. 

Mining  activity  in  the  Kawich  Range  centers  in  three  major 
camps — SilverlK)w,  Kawich,  and  Eden — and  in  two  minor  camps— 
Blakes  Camp  and  Southern  Kawich. 
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SILVERBOW. 


Silverbow  is  situated  in  the  caiiyon  of  Breen  Creek,  on  the  west 
side  of  Kawich  Range,  43  miles  north  of  east  of  Goldfield.  The 
principal  prospects  are  within  3  miles  to  the  east,  northeast,  and 
northwest  of  the  village.  The  first  locations  were  made  in  Novem- 
ber, 1904.  When  visited  by  the  writer  (July  20,  1905)  Silverbow 
was  the  supply  center  for  several  hundred  men,  and  a  number  of 
shallow  prospect  holes  had  been  sunk. 

The  ore  deposits  lie  in  rhyolite,  which  in  the  vicinity  of  veins  is 
either  kaolinized  or  silicified,  the  silicification  being  perhaps  more 
common.  (See  p.  47.)  Either  type  may  be  intensely  stained  red, 
brown,  or  yellow  by  iron  oxides. 

The  more  important  prospects  are  located  on  parallel  quartz  veins 
or  lenses,  which  widen,  thin,  and  in  places  give  out,  forming  mineral- 
ized bands  whose  strike  in  the  district  is  in  many  cases  north  of  west. 
The  individual  quartz  veins  vary  in  width  from  a  fraction  of  an  inch 
to  5  feet,  and  many  of  these  are  connected  by  minor  cross  veins. 
A\Tiile  in  some  instances  the  quartz  was  deposited  along  premineral 
faults,  in  others  it  occurs  along  joints,  which  locally  form  intersect- 
ing systems.  Quartz  likewise  fills  many  of  the  spaces  caused  by 
brecciation  and  forms  in  solution  cavities  in  the  rhyolite.  The 
quartz  is,  as  a  rule,  white  and  translucent  or  colorless  and  trans- 
parent, although  in  the  Blazier  tunnel  a  single  vein  of  amethyst- 
purple  color  was  noted.  A  thin  section  of  quartz  from  the  WTieaton 
and  McGonagill  prospects  is  a  quartz  mosaic  of  very  uneven  grain. 
In  the  mosaic  are  zonally  grown  crystals  of  quartz,  and  finely 
divided  silver  sulphides  dust  some  of  the  bands  of  growth.  The 
borders  of  these  quartz  crystals  appear  to  be  formed  of  quartz  fibers, 
radiating  from  the  center.  Crystal-lined  vugs  are  common  in  this 
vein  quartz,  and  crustification  is  beautifully  developed  in  many 
specimens,  fortification,  agate,  and  mammillary  forms  being  common. 

The  quartz  is  more  or  less  stained  by  iron  salts,  rarely  by  mala- 
chite. In  the  quartz  specks  of  stephanite,  ruby  silver,  silver  chlo- 
ride, and  probably  other  silver  ores  occur.  The  silver  chloride  is  at 
least  a  secondary  mineral  and  to  a  limited  extent  is  disseminated  in 
the  country  rock.  Gold  occurs  free.  Silver  is  the  predominant 
metal,  and  $1  in  gold  to  $3  in  silver  is  perhaps  an  average  for  the 
whole  camp,  although  in  some  prospects  the  silver  values  are  20  times 
those  of  gold.  The  ore  runs  from  $6  to  $250  per  ton,  though  some 
reports  give  higher  values.  Since  the  writer's  visit  strikes  in  which 
gold  predominates  over  silver  have  been  reported.  Rarely  values 
occur  in  limonite  stringers  in  the  country  rock,  while  in  several  pros- 
pects a  greasy  crushed  rhyolite  constitutes  the  ore. 

The  striking  similarity  between  the  ore  deposits  of  Silverbow  and 
certain  of  those  of  Goldfield  is  worthy  of  note.     Ascending  water 
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carrying  silica  and  metallic  salts  in  solution  appears  to  have  depos- 
ited its  burden  largely  in  preexisting  cavitias.  Sinuiltaneouhly 
waters  wandering  from  the  main  channels  silicified  contiguous  por- 
tions of  the  rhyolite.  Kaolinization  is  presumably  a  later  phenom- 
enon. Movement  has  occurred  in  the  veins  since  silicification,  and 
they  have  been  more  or  less  faulted  and  brecciated.  Surface  waters 
have  altered  silver  sulphides,  pyrite,  and  probably  less  amounts  of 
chalcopyrite  to  the  corresponding  chloride,  oxides,  and  carbonates, 
while  secondary  sulphides  have  also  been  formed.  Gold,  probably 
originally  in  pyrite,  was  simultaneously  set  free. 

Timber  and  water  are  abundant  near  the  mines.  Goldfield  is 
about  50  miles  distant  by  jroad. 

BLAKKS    CAMP. 

Blakes  Camp  is  located  on  one  of  the  earlier  rhyolite  inliers  which 
protrude  from  the  "  Avash  "  12  miles  northwest  of  Silverbow.  The 
prospect  was  discovered  late  in  June,  1905.  A  fault  with  well-de- 
fined walls  coursing  N.  80°  E.  cuts  the  rhyolite,  and  in  its  immediate 
vicinity  the  country  rock  is  silicified.  Along  this  fault  for  a  dis- 
tance of  600  feet  a  zone  from  18  to  24  inches  wide  is  crushed  to'  a  fine 
clay,  in  which  are  eml>edded  slickensided  fragments.  The  ground- 
up  rhyolite  is  white  or  stained  by  hematite  or  limonite  and  to  a  less 
extent  by  manganese  dioxide.  This  material  is  said  to  pan  about  $15 
per  ton  of  free  gold.  Quartz  veins  in  rhyolite  north  and  east  of 
Blakes  Camp  are  said  to  carry  both  gold  and  silver. 


The  mining  camp  of  Eden  is  situated  near  the  mouth  of  Little 
Mill  Creek  Canyon,  on  the  east  side  of  the  Kawich  Range.  The  first 
locations  were  made  February  20, 1905,  by  John  Adams. 

Three  distinct  vertical  zones  of  mineralization  cross  Little  Mill 
Creek  from  north-northeast  to  south-southwest,  res])ectively,  one- 
fourth,  one-half,  and  five-eighths  mile  above  the  old  mill  at  the  road 
forks.  The  country  rock  is  rhyolite,  which  in  many  places  is  in- 
tensely silicified  parallel  to  the  mineralized  zones.  AMiile  the  con- 
tact between  the  silicified  and  the  unsilicified  rhyolite  is  as  a  rule 
rather  sharp,  in  some  j)laces  there  is  transition.  The  quartz  and  silici- 
fied rhyolite  stand  out  in  distinct  walls,  aptly  called  by  the  miner? 
"  dikes,"  which  follow  the  mineralized  zones. 

The  central  zone  has  been  more  developed  than  the  others  and  was 
studied  in  more  detail.  This  zone  is  situated  along  a  line  of  faulting 
and  brecciation  and  the  rhyolite  near  the  zone  is  mashed.  The  min- 
eralized zone  varies  from  a  vein  of  quartz  3  feet  wide  with  a  few  rhyo- 
lite horses  to  a  band  of  silicified  rhyolite  8  feet  wide,  intensely  netted 
by  quartz  stringers.     Parallel  quartz  veins  more  or  less  continuous 
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and  connected  by  cross  veins  are  transitional  between  the  two  forms 
along  the  strike.  The  quartz,  much  of  it  cnistified,  is  white  and  more 
or  less  iron  stained.  Finely  divided  sulphides  impart  a  blue  tinge  to 
some  of  the  quartz,  and  the  parallel  position  in  thin  bands  of  the 
white  and  blue  quartz  shows  clearly  the  contemporaneous  origin  of 
the  quartz  and  sulphides.  Vugs,  usually  elongated,  parallel  to  the 
walls  of  the  veins,  are  characteristic.  Colorless  quartz  crystals  are 
common  in  these  vugs,  while  botryoidal  quartz  walls  are  less  common. 
The  vein  in  some  portions  is  composed  of  clusters  of  quartz  plates 
an  inch  in  length  set  at  right  angles  to  the  vein  walls.  These  suggest 
that  the  quartz  in  parts  is  a  replacement  of  calcite.  The  normal 
crystalline  quartz  grades  into  a  compact  white  flinty  variety,  which 
is  said  to  be  a  good  carrier  of  gold.  Under  the  microscope  this 
appears  as  a  cryptocrystalline  mosaic  of  quartz  with  a  little  sericite. 
This  central  zone  is  a  silver  bearer,  the  gold  values  being  one-tenth 
those  of  silver.  As  silver  ores,  ruby,  and  native  silver  are  reported 
intimately  associated,  secondary  silver  chloride  in  knobs  and  wire- 
like masses  is  w  idely  distributed  in  the  vugs,  and  the  silicified  rhyo- 
lite  itself  carries  values.  Iron  sulphide  was  noted  in  a  few  small 
specks  in  quartz  vein. 

The  upper  zone  of  mineralization  is  said  to  be  very  similar  to  the 
central  zone.  The  lower  zone  is  also  similar  to  the  central,  although 
there  is  perhaps  less  parallelism  and  constancy  of  the  quartz  veins. 
The  strike  is  more  northerly.  Pyrite  locally  impregnates  the  rhyo- 
lite.  The  flinty  quartz  already  mentioned  is  abundant  in  this  ledge, 
and  the  values  are  largely  gold.  The  resemblance  of  the  Eden  de- 
posits to  those  of  Silverbow  is  striking,  and  the  genesis  was  doubtless 
similar  and  contemporaneous. 

Water  and  fuel  are  abundant.  Tonopah,  the  supply  depot,  is  70 
miles  distant. 

KAWICH. 

Kawich,  in  the  Gold  Reed  mining  district,  lies  in  a  detrital  embay- 
nient  on  the  east  side  of  the  Kawich  Range.  The  town  is  54  miles 
south  of  east  of  Goldfield.  The  first  locations  were  made  in  Decem- 
ber, 1904,  and  early  in  the  spring  of  1905  several  hundred  men  rushed 
to  the  camp.  WTien  visited  (August  4,  1905)  10  miners  were  at  work. 
Two  shafts  have  been  sunk  150  feet  and  several  thousand  feet  of 
drifts  have  been  driven.  The  mines  are  situated  on  a  gently  sloping 
area  of  wash,  from  which  protrude  numerous  small  rugged  knobs  of 
monzonite  porphyry  and  smooth  domes  of  rhyolite.  The  monzonite 
porphyry  has  so  far  been  the  ore  bearer. 

The  first  locations  were  made  on  the  property  of  the  Gold  Reed 
Mining  Company.  Here  a  rugged  outcrop  of  intensely  silicified  mon- 
zonite porphyry,  dark  brown  on  weathered  surfaces,  contains  in  the 
limonite-stained  casts  of  its  many  phenocrysts  plates  of  hackly  gold, 
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some  of  which  are  an  inch  in  diameter.  This  altered  rock  has  a  con- 
choidal  fracture.  The  microscope  shows  the  rock  to  be  composed  of 
interlocking  quartz  grains  in  which  there  is  some  finely  divided  mate- 
rial, possibly  of  a  clayey  nature.  The  areas  once  occupied  by  feldspar 
phenocrysts  contain  a  slightly  higher  percentage  of  this  turbid  sub- 
stance, while  some  sagenitic  webs  of  rutile  indicate  the  former  pres- 
ence of  biotite.  Associated  with  the  silicified  porphyry  are  white 
kaolinized  facies  which  are  locally  stained  red  or  purplish  by  iron 
oxides.  Numerous  other  areas  of  silicified  porphyry  have  been  located 
by  prospectors,  but  at  none  was  gold  visible  to  the  eye,  although  many 
panned  gold.  The  boundary  between  the  silicified  and  unsilicified 
porphyry  is  usually  sharp.  Strong  iron  stains  and  some  dendrites  of 
manganese  dioxide  are  associated  with  the  gold.  The  iron  stains 
probably  point  to  pyrite  as  the  original  source  of  the  ore,  an  inference 
strengthened  by  the  presence  of  gypsum.  This  mineral  is  rather 
closely  associated  with  the  ore,  in  some  places  filling  cavities  in  it  and 
in  others  filling  joint  and  fracture  planes  in  the  country  rock.  The 
gypsum  occurring  in  the  country  rock  is  fibrous,  the  fibers  being  set 
at  right  angles  to  the  walls.  The  residual  soil  near  ore  deposits  is 
locally  cemented  by  gypsum.  Gypsum  was  probably  formed  by  the 
interaction  of  iron  sulphate,  set  free  by  the  oxidation  of  pyrite,  and 
of  calcium-bearing  solutions  derived  from  the  decomposition  of  the 
plagioclase  of  the  monzonite  porphyry.  Quartz  veinlets  cut  the  sili- 
cified porphyry,  but  these  are  reported  to  carry  no  values.  Certain 
clear  phenocryst-like  quartz  areas  indicate  that  silicification  contin- 
ued after  the  removal  of  the  phenocrysts  usual  in  monzonite  porphyry. 
In  the  deepest  shafts  the  silicified  porphyry  holds  its  width,  althou^ 
up  to  the  time  of  this  examination  the  values  were  low  except  at  the 
surface.  At  the  Gold  Reed  mine  good  values  have  been  obtained  in  a 
kaolinitic  substance  found  in  the  cavities  of  the  silicified  porphyry  at 
the  100- foot  level. 

Iron  pyrite  has  l)een  encountered  on  the  ir)0-foot  level  at  the  Gold 
Reed  mine,  disseminated  in  unsilicified  monzonite  porphyry.  Its 
assay  value  is  low.  Several  thin  veins  of  pyrite  occur  on  the  lower 
levels  of  the  Diamond  No.  2.  These  veins  are  banded  and  vugs  occur 
here  and  there  in  the  center.  This  pyrite  is  said  to  assay  $35  in  gold 
per  ton. 

The  silicified  monzonite  porphyry  has  been  considerably  faulted 
and  slickensides  and  breccias  are  common.  At  the  Gold  Reed  mine 
the  faulting  has  been  very  complex,  and  wedge-shaped  cavities, 
which  reach  a  maximum  length  of  5  feet,  appear  to  be  due  to  fault- 
ing. At  the  Chief  Kawich  mine  the  faults  strike  N.  50°  AV.,  parallel 
to  the  silicified-porphyry  boundary,  and  dip  80°  SW.  At  the  Dia- 
mond No.  2  the  faults  dip  45°  E.  The  step-like  offsets  in  the  silici- 
fied porphyry  on  which  the  Chief  Kawich  and  the  Gold  Reed  mines 
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are  situated  are  rather  suggestive  of  faulting,  although  the  effect  may 
be  due  to  a  chance  distribution  of  several  small  masses  of  silicified 
porphyry. 

The  resemblance  between  the  Kawich  and  Gold  Crater  deposits  is 
close.  It  is  probable  that  waters  bearing  silica  in  solution  arose 
along  joint  and  fault  planes  and  that  silica  more  or  less  completely 
replaced  the  rock  contiguous  to  the  fractures.  Pyrite  was  probably 
simultaneously  deposited,  partly  in  the  country  rock  and  partly,  in 
open  fissures.  Since  the  silicification  the  veins  have  been  faulted. 
The  kaolinization  of  certain  portions  of  the  porphyry  was  probably 
contemporaneous  with  the  surface  alteration  of  the  original  sul- 
phides. From  the  lean  character  of  the  pyrite  so  far  encountered  it 
is  probable  that  the  rich  surface  gold  deposits  have  been  concen- 
trated from  the  pyrite  contained  in  many  feet  of  porphyry  which 
have  been  removed  by  erosion,  but  it  is  by  no  means  impossible  that 
rich  pockets  of  gold  may  be  found  from  time  to  time  near  the  sur- 
face. 

Water  is  obtained  at  Cliff  Spring,  12  miles  east  of  the  settlement, 
and  pinon  grows  on  the  Kawich  Range  8  miles  to  the  north.  Tono- 
pah  is  70  miles  distant  by  road. 

SOUTHEBN    KAWICH. 

In  the  blue-black  Pogonip  limestone  on  the  northwest  slope  of 
Twin  Peaks,  6  miles  south  of  Kawich,  prosi>ects  are  located  on  a 
quartz  vein  1^  feet  thick.  The  quartz  is  strongly  stained  by  limonite 
and  is  said  to  carry  free  gold. 

AREAS  FAVOBABUi  TO  PROSPECTING. 

The  areas  noted  in  the  progress  of  work  in  which  occur  altered 
rocks  of  the  same  character  as  those  which  accompany  the  ore  de- 
posits at  the  camps  already  described  are  shown  in  fig.  4.  Other 
areas  of  similarly  altered  rock  doubtless  exist,  although  it  is  believed 
that  the  largest  are  mapped.  Of  the  rhyolite  areas  shown  those 
near  Silverbow  and  Eden  and  east  of  Blakes  Camp  contain  an  un- 
usual number  of  quartz  veins.  The  monzonite  porphyry  in  which 
the  ore  deposits  of  Kawich  occur  is  confined  to  the  immediate  vicinity 
of  the  town.  The  areas  of  altered  monzonite  porphyry  have  already 
been  located  and  the  future  of  this  form  of  ore  deposits  depends 
on  the  development  of  these  areas. 

Quartz  veins  occur  in  the  Paleozoic  sedimentary  rocks,  particu- 
larly in  quartzite.  So  far  as  seen  these  veins  are  narrow  and  of  no 
great  length,  and  with  the  exception  of  the  Southern  Kawich  veins 
the  quartz  is  apparently  barren.  Quartz  veins,  probably  barren,  on 
the  western  side  of  Quartzite  Mountain  contain  tablets  of  specular 
hematite. 

Bull.  308—07  M 8 
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REVEILLE   VALLEY. 

Reveille  Valley  lies  between  the  Kawich  and  Reveille  ranges. 
The  depression  is  separated  into  two  parts  by  a  low  gravel  divide 
north  of  its  center,  the  northern  portion  draining  northward  and 
the  southern  portion  draining  southeastward  into  Railroad  Valley. 
The  Recent  gravels  are  probably  nowhere  thick  in  Reveille  Valley. 
Basalt  flows  underlie  nuich  of  the  area  and  form  hills  in  the  valleys 
and  scarps  along  the  drain  line.  •  Fig.  9  is  a  section  across  the 
valley,  drawn  north  of  west  to  the  Kawich  Range  from  a  point  on 
the  Reveille  Range  6  miles  north  of  Reveille  Peak.  A  single  mass 
of  early  Miocene  rhyolite  is  exposed  beneath  the  basalt  northeast 
of  Sumner  Spring. 

KAWICH  VALLEY. 

The  Kawich  Valley  lies  between  the  Kawich  and  Belted  ranges. 
It  is  separated  from  Railroad  Valley  to  the  northeast  by  a  low  gravel 
divide  and  from  Reveille  Valley  to  the  north  by  hills  of  basalt. 
Kawich  Valley  is  notable  for  its  even  grade,  since  the  mountains  on 
either  side  have  approximately  an  equal  elevation  and  mass.     Its 


Vui.  1>. — Section  across  north  end  of  Reveille  Valley,  showing  an  Inclosed  valley  partially 

underlain  by  basalt. 

playas  lie  at  an  elevation  of  about  5,800  feet  above  sea  level.  A  few 
rounded  exposures  of  older  alluvium  lie  20  feet  al)ove  the  small 
playa  on  the  road  from  Kawich  to  Indian  Spring.  These  are  similar 
to  those  of  Gold  Flat. 

REVEILLE  RANGE. 
TOPOOBAPHY  AND  OEOORAPHT. 

The  Reveille  Range  is  separated  from  the  Pancake  Range  on  the 
north  by  a  narrow  transverse  gap  and  from  the  Belted  Range  on 
■  the  south  by  Railroad  Valley.  In  former  descriptions  and  in  the 
parlance  of  prosi)ectors  the  Reveille  and  the  Belted  ranges  are 
merged  into  one,  the  name  Reveille  being  applied  not  only  to  that 
range  itself  but  also  to  the  north  end  of  the  Belted  Range.  As 
here  defined,  each  range  is  a  unit,  separated  by  a  transvei*se  valley 
from  "2,500  to  ii,000  feet  below  the  crest  line  of  the  ranges.  These 
two  north-south  ranges  are,  however,  aligned,  and  the  structure  of 
the  Paleozoic  rocks  indicates  that  prior  to  the  long  period  of  erosion 
which  preceded  the  Tertiary  volcanism  they  were  connected. 
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The  Reveille  is  ac  narrow,  rugged  mountain  range  with  a  crest 
line  of  rather  sharp  peaks  culminating  near  its  south  end  in  Reveille 
Peak,  8,900  feet  high.  The  eastern  slope,  descending  to  the  deep 
Railroad  Valley,  is  the  more  precipitous.  The  crest  line  against 
which  deep,  narrow  canyons  head,  is  in  places  a  knife-edge  flanked 
on  either  side  by  cliffs  hundreds  of  feet  high.  The  more  profound 
of  these  canyons  are  1,000  feet  deep  and  are  notable  for  the  forests 
of  rhyolite  spires  which  cover  their  precipitous  sides.  The  rhyolite 
is  eveiTwhere  characterized  by  a  rugged  topography.  Fang  Ridge 
is  a  prominent  part  of  the  range  from  which  protrude  fantastic 
domes  and  spires  strikingly  like  the  fangs  and  molar  teeth  of  an 
ancient  monster.  The  "  teeth  "  are  from  200  to  300  feet  high.  The 
smooth  sloi)es  and  shallow,  straight-walled  canyons  of  the  flanking 
masses  of  basalt,  which  in  some  cases  almost  bridge  over  the  range, 
are  in  strong  contrast  with  the  intensely  dissected  rhyolite. 

The  crest  line  of  the  range  is  covered  by  a  fair  growth  of  pifion  and 
juniper,  which  at  the  northern  border  of  the  area  surveyed  on  the 
west  side  descend  to  the  alluvial  slopes.  Several  large  springs  are 
located  at  Old  Reveille,  11  miles  north  of  the  boundary  of  this  area, 
and  a  pipe  line  extends  from  these  to  New  Reveille. 

OEKERAL  GEOLOGY. 

The  fonnations  of  the  Reveille  Range  include,  in  ascending  order, 
the  AVeber  conglomerate,  Pennsylvanian  limestone,  rhyolite,  and 
basalt. 

SEDIMENTARY    ROCKS. 

Weber  eanglomerate. — North  of  the  area  mapped  from  Old  Reveille 
to  the  summit,  between  that  town  and  New  Reveille,  the  predominant 
ft)rmation  is  a  white  massive  quartzite,  of  which  from  1,000  to  2,000 
feet  is  exposed.  If,  as  is  apparently  the  case,  this  quartzite  underlies 
the  Pennsylvanian  limestone  it  is  the  Weber  conglomerate,  although 
lithologically  it  is  more  nearly  related  to  the  Prospect  Mountain 
(Cambrian)  or  Eureka  (Silurian)  quartzite. 

Pennsyl ranian  limefitone. — Overlying  this  quartzite,  apparently 
conformably  on  the  west  side  of  the  range  near  Reveille,  is  2,000  feet 
or  more  of  dark -gray  to  black  compact,  massively  bedded  lime^stone. 
With  it  are  associated  bands  of  black  flint  and  thin  beds  of  argillace- 
ous limestone.  The  limestone  is  cut  in  every  direction  by  veinlets  of 
c-alcite.  The  formation  is  similar  to  the  Pennsylvanian  limestone  of 
the  Belted  Range,  and  poorly  preserved  fossils  from  a  boAvlder  near 
New  Reveille  are  considered  by  Dr.  (leorge  H.  Girty  to  be  probably 
of  Pennsylvanian  age.  Inclusions  of  flint  are  common  in  the  rhyolite, 
described  in  the  following  paragraphs,  near  its  contact  with  the  Pale- 
ozoic rocks. 
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IGNEOUS   BOCKS. 

Rhyolite, — The  major  portion  of  the  Reveille  Range  is  composed 
of  rhyolite,  which  has  a  flinty,  glassy  groundmass,  flow  banding 
being  common.  Gray  and  pink  are  the  predominant  colors,  although 
red,  black,  and  brown  are  not  unusual.  Phenocrysts  are  abundant 
and  equal  the  base  in  mass.  Colorless  or  smoky  quartz  and  gla^^ 
feldspar  phenocrysts  of  medium  size  predominate  over  the  smaller 
individuals  of  biotite.  Weathered  surfaces  show  feldspar  whitened 
or  represented  by  casts,  biotite  flush  with  the  surface,  and  quartz  in 
relief.  Thin  sections  under  the  microscope  present  a  brown,  glass}" 
groundmass,  exhibiting  well-defined  flow  flexures,  and  over  small 
areas  a  spherulitic  structure.  A  small  portion  of  the  feldspar  is  an 
acidic  plagioclase,  while  many  of  the  biotite  phenocrysts  were  bent 
prior  to  the  solidification  of  the  lava.  Magnetite,  zircon,  and  apatite 
are  also  present. 

The  rhyolite  is  a  series  of  flows,  and  in  consequence  over  large  areas 
it  weathers  like  a  well-bedded  sedimentary  rock,  a  resemblance  magni- 
fied by  the  presence  of  a  north-south  sheeting.  Vertical  joints  are 
locally  present,  and  where  flow  banding  is  not  prominent  the  rhyolite 
weathers  into  spires  from  30  to  150  feet  high  and  from  5  to  25  feet  in 
diameter.  In  places  these  are  single  and  spring  from  a  common  base- 
Where  no  parting  planes  are  prominent  the  rhyolite  displays  the  well- 
rounded  domes  and  bosses  characteristic  of  a  granite  country. 

The  rhyolite  of  the  Reveille  Range  is  similar  lithologically  to  that 
of  the  Kawich  Range  and  has  sufi'ered  equal  deformation  and  erosion. 
The  tAvo  are  doubtless  contemporaneous  in  age  and  are  probably  early 
Miocene. 

Bamlt, — Lying  upon  the  rhyolite  are  basalt  flows  which  usually 
occur  flanking  the  range,  but  in  one  case  extend  from  the  eastern  base 
across  the  crest  line.  The  flows  were  once  much  more  extensive  and 
perhaps  completely  covered  the  range  4:  miles  north  of  Reveille 
Peak.  Basalt  also  forms  isolated  hills  in  the  alluvial  deposits.  As 
shown  in  fig.  9,  these  are  probably  connected  with  flows  on  the 
flanks  of  the  range.  The  basalt  varies  from  a  dense  black  rock  to  a 
vesicular  slag  of  red  color.  The  vesicles  reach  a  maximum  diameter 
of  1  inch  and  are  elongated  in  the  plane  of  flow.  The  phenocrysts 
are  subordinate  in  bulk  to  the  groundmass,  and  include  conspicuous 
gray  or  white  striated  feldspar  laths  up  to  three-fourths  of  an  inch 
long,  rather  obscure  yellow  altered  olivines,  and  black  pyroxene  col- 
unnis.  Weathered  basalt  breaks  down  into  spheroidal  masses  sur- 
rounded by  thin  concentric  shells. 

On  microscopic  examination  the  rock  proves  to  be  an  augite-olivine 
basalt  with  glassy  base.  Abundant  plagioclase  laths,  fewer  augite 
crystals,  rounded  olivines,  and  magnetites  are  the  phenocrysts. 
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The  basalt  is  similar  lithologically  to  the  later  basalt  and  is  prob- 
ably of  Pliocene  age,  since  the  amount  of  erosion  suffered  renders  its 
effusion  in  Pleistocene  time  improbable. 

BTKUOTU&E. 

The  Paleozoic  rocks  are  folded  into  a  monocline  striking  north  and 
south  and  dipping  15°  to  30°  W.,  but  a  corresponding  eastward 
dipping  arm  of  an  anticline  may  be  covered  by  the  rhyolite  of  the 
eastern  side  of  the  range.  Minor  faults  are  present.  Prior  to  the 
effusion  of  the  rhyolite  the  rocks  formed  a  rugged  mountain  range. 
(See  fig.  10.)  After  the  outflow  of  the  rhyolite  the  range  was  sub- 
jected to  orogenic  movements,  the  compressive  force  acting  from  the 
east  or  the  west,  and  the  mountains  w^ere  again  uplifted,  the  rhyolite 
was  slightly  crumpled,  and  a  north-south  sheeting  was  produced. 
When  the  basalt  flowed  out  the  range  wiis  rugged  and  probably  ap- 
proximately as  high  as  at  present.  The  small  peak  of  rhyolite  sur- 
rounded by  basalt  6  miles  west  of  north  of  Reveille  Peak  was  prob- 
ably never  completely  covered  by  basalt.  A  decided  thickening  of 
the  basalt  occurs  at  the  base  of  the  mountains,  but  the  dip  of  the  flow 

Rennsylvanian  limestone 

Basalt  F^ 

Desert  gravel 


Rhyolite -porphyry    Weber 
dikes conglomerate 


smiles 


Fia.  10. — East-west  section  across  Reveille  Raoffe  at  northern  boundary  of  area  surveyed. 

surface,  in  places  15°  to  18°,  is  probably  in  part  due  to  recent  uplifts 
of  the  range.  The  vent  from  which  the  basalt  was  extruded  was 
probably  near  the  crest  of  the  range  7  miles  north  of  Reveille  Peak. 

EOONOKIO  GEOLOGY. 

The  abandoned  mining  camp  of  Old  Reveille  lies  \\  miles  north  of 
the  area  surveyed.  The  Gila  mine,  one  of  the  best  known  of  those 
extensively  operated  thirty  years  ago,  is  situated  in  Paleozoic  lime- 
stones and  quartzites  near  the  rhyolite  contact.  The  ore  occurs  in 
quartz  veins  and  stringers  ramifying  through  brecciated  zones  in  the 
Paleozoic  rocks.  The  ores  on  the  dump  include  malachite,  azurite, 
cerussite,  and  galena,  with  quartz  aiid  gypsum  as  gangues.  Mala- 
chite here  and  there  coats  the  surface  of  the  dump  and  has  doubtless 
l>een  deposited  since  the  mines  were  abandoned.  Recently  consider- 
able work  has  been  done  on  similar  deposits  at  New  Reveille.**  The 
rhyolite  of  the  Reveille  Range,  where  examined,  has  not  suffered  the 
alterations  which  usually  accompany  ore  deposits. 

•  Dnrinfir  the  field  work.  New  Reveille  was  believed  by  the  topographers  to  be  outside 
the  boundary  of  the  area  mapped,  but  more  accurate  computations  have  placed  It  within. 
In  the  pressure  of  reconnaissance  worli  the  mines  were  not  examined. 
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RAILROAD   VAIXEY 

Railroad  Valley  is  a  loDg  depression  between  the  Pancake  and  Re- 
veille ranges  on  the  west  and  the  (Jrant  and  Quinn  Canyon  ranges  on 
the  east.  Its  south  end  lies  in  the  northeast  corner  of  the  area 
mapped  and  is  of  interest  because  it  has  two  well -developed  north- 
south  drainage  lines.     The  playa  is  5,106  feet  above  sea  level. 

BELTEO   RANGE. 
TOPOGRAPHY  AKD  OXOORAPHY. 

The  north  end  of  the  mountain  range  east  of  Kawich  Valley  is 
called  by  prospectors  the  Reveille  Range,  while  the  south  end  is 
known  as  the  Belted  Range.  The  undesirability  of  using  two  names 
for  a  single  mountain  range  is  patent,  and  as  the  range  immediately 
north  has  long  been  called  the  Reveille  Range  the  name  Belted  will 
here  l)e  used  for  the  whole  range  east  of  Kawich  Valley.  Thus  de- 
fined, the  Belted  Range  extends  from  the  junction  of  Reveille,  Ka- 
wich, and  Railroad  valleys  southward  49  miles  to  Shoshone  Moun- 
tain, which  trends  east  and  west.  From  the  north  end  of  the  range 
the  crest  courses  southward  to  AVTieelbarrow  Peak,  where  it  turns  to 
the  south-southwest.  The  range  in  the  latitude  of  Oak  Spring  is 
13  miles  wide.  The  crest  line  has  an  average  elevation  of  7,000  to 
8,000  feet  and  lies  in  a  median  position,  except  in  the  central  portion 
of  the  range,  where  the  long  eastward-sloping  basalt  mesas  throw  it 
nearer  the  western  base.  AAlieelbarrow  Peak  and  a  dome  3  miles 
north  of  it  reach  an  elevation  of  8,600  feet ;  Belted  Peak  is  8,340  feet 
high. 

A  gentle  valley  separates  the  Pogonip  limestone  from  the  rhyolite 
at  the  north  end  of  the  range  and  a  parallel  detrital  embayment  lies 
west  of  Cliff  Spring.  The  Pogonip  limestone  forms  hills  and  ridges 
elongated  parallel  to  their  strike.  The  Pennsylvanian  limestone  where 
metamorphosed  by  granite  forms  rugged  ridges,  but  elsewhere  its 
topography  is  nuich  less  accentuated,  the  ridges  being  comparatively 
low  and  smooth.  Minor  dip-slope  elements  are  present  in  all  the 
limestone  formations,  as  well  as  in  the  earlier  rhyolite  near  Cliff 
Spring.  The  Weber  conglomerate  forms  broad  domelike  ridges  of 
gentle  slope.  The  earlier  rhyolite  forms  domes  and  cone-shaped  hills 
with  which  cliffs  are  combined  near  the  crest  line.  Vertical  joints 
are  less  prominent  in  the  earlier  rhyolite  of  the  Belted  Range  than  in 
that  of  the  Reveille  Range,  and  in  consequence  spires  are  uncommon 
except  to  the  north  of  Wheelbarrow  Peak.  The  later  rhyolite  caps 
prominent  buttes,  like  Oak  Spring  Butte,  whose  sides  are  formed  by 
the  soft  Siebert  lake  beds.  The  basalt  mesa  country  is  characterized 
by  level  slopes  deeply  cut  by  straight-walled  canyons. 
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Kemnants  of  a  more  mature  mountain  surface  surrounded  by  recent 
cliffs  and  rugged  hills  occur  on  AMieelbarrow  Peak,  on  the  high  i>eak 
8  miles  north  of  it,  and  in  the  rhyolite  area  5  miles  west  of  south  of 
Wheelbarrow  Peak.  The  old  land  surface  extends  2  miles  east  of  the 
first-named  points.  The  smooth  and  gentle  slope  of  this  surface  is 
shown  on  the  map,  although  it  is  somewhat  obscured  l)y  the  use  of  100- 
foot  contours  on  so  small  a  scale  as  1  inch  to  4  miles.  These  mature 
areas  are  characterized  by  few  and  inconspicuous  rock  outcrops  and 
a  deep  soil  covered  by  grass  and  trees.  The  contrast  between  this 
topography  and  the  sharp  ridges  and  cliffs,  practically  all  a  single 
rock  exposure,  of  the  younger  topography  is  very  great.  Since  thi=J 
old  mountain  surface  developed  the  Belted  Range  has  been  tilted  to 
the  east  and  the  older  surface  has  been  completely  removed  from  the 
west  versant  of  the  range.     (See  fig.  11.) 

The  range  north  of  Belted  Peak  is  bare,  but  south  of  this  point 
there  is  a  fair  growth  of  pinon  and  juniper  above  6,500  feet,  although 
the  southern  quartzite  and  slate  hills  are  as  a  rule  without  timber.  A 
few  oak  shrubs  grow  in  moist  places.  The  tree  yucca  and  the  Span- 
ish bayonet  are  common  on  the  upper  alluvial  slopes  in  the  vicinity 


_Oa>    TOPOGRAPHY 
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FiG.    11. — East-wedt   profile  across  Belted  Range  3   miles  north   of  Wheelbarrow   Peak, 
showing  mature  character  and  present  eastward  tilt  of  Pliocene  surface. 

of  Oak  Spring.  Cliff  and  Indian  springs  each  flow  about  500  gal- 
lons of  water  per  day ;  AMieelbarrow  Spring  is  weak  and  is  probably 
dry  during  a  part  of  the  summer.  Oak,  WTiiterock,  and  Captain 
Jack  springs  all  flow  from  the  Siebei-t  lake  beds.  Oak  and  AVTiite- 
rock  springs  each  flow  from  1,500  to  3,000  gallons  a  day;  Captain 
Jack  Spring  is  considerably  smaller. 

OEITEEAL  GEOLOGY. 

The  formations  of  the  Belted  Range,  from  the  oldest  to  the  young- 
est, are  as  follows:  Pogonip  limestone,  Weber  conglomerate,  Penn- 
sylvanian  limestone,  monzonite,  post-Jurassic  granite,  andesite, 
earlier  rhyolite,  Siebert  lake  beds,  later  rhyolite,  and  basalt. 

SEDIMENTARY    ROCKS. 

Pogonip  limestone. — The  Pogonip  limestone  forms  low  hogback 
hills  on  the  western  border  of  the  Belted  Range  from  a  point  1  mile 
north  of  the  Kawich-Indian  Spring  road  to  the  north  end  of  the 
range.  Inclusions  of  the  same  rocks  occur  in  the  rhyolite  and  are 
particularly  abundant  near  its  contact  with  the  limestone.    A  thick- 
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ness  of  4,000  feet  of  stratified  rocks  is  exposed  from  a  point  2  miles 
southwest  of  Belted  Peak  westward  to  the  detrital  deposits  mantling 
the  range.  The  section  contains  no  important  stratigraphic  break, 
and  while  shales  and  quartzites  are  interbedded,  limestone  is  the  pre- 
dominant rock.  The  limestone  is  typically  fine  grained,  crystalline, 
and  dark  gray  or  black  in  color.  The  bedding  planes  are  as  a  rule 
massive.  Thinner  beds  of  a  yellow  or  brown,  more  coarsely  crystal- 
line limestone  are  also  present,  and  a  single  stratum  of  oolitic  lime- 
stone was  observed.  Intraformational  conglomerates  and  cross-bed- 
ding, each  an  indication  of  shallow-water  deposition,  occur  through- 
out the  section.  Nodules  and  fewer  lenses  of  black  chert  are  present 
in  places.  The  nodules  are  in  part  original,  but  since  the  bedding 
planes  in  certain  instances  cut  them,  they  are  also  in  part  secondary. 
A  related  phenomenon  is  the  silicification  of  certain  beds  of  lime- 
stone to  a  compact,  conchoidally  fracturing  black  jasperoid.  The 
limestones  are  cut  in  all  directions  by  veinlets  of  coarsely  crystalline 
white  calcite,  and  these  were  evidently  formed  at  several  distinct 
l^eriods,  since  they  cut  and,  in  places,  fault  one  another. 

Quartzite  forms  a  prominent  bed  near  the  middle  of  the  Pogonip 
limestone,  and  in  many  places  shale  and  quartzite  beds  are  laminated 
with  limestone  near  the  top  of  the  series.  Tlie  quartzite  is  usually 
light  in  color  and  fine  grained,  although  some  beds  are  stained  red  by 
hematite  and  others  are  medium  grained.  Quartz  veinlets  with 
ciystal-lined  vugs  cut  the  quartzite.  Much  of  the  quartzite  is  argil- 
laceous and  grades  into  slaty  shales,  which  are  thin  bedded,  fine 
grained,  and,  as  a  rule,  olive  green  in  color,  although  locally  black  or 
brown.  Muscovite  films  are  developed  on  the  parting  planes  of  both 
the  shales  and  the  more  argillaceous  quartzites. 

This  sedimentary  series  was  evidently  laid  down  in  a  sea  of  mod- 
erate depth  which  at  times  was  shallow.  The  conditions  were  on  the 
whole  favorable  to  the  deposition  of  limestone,  although  at  intervals 
fine  fragmental  material  was  carried  into  that  portion  of  the  ancient 
sea  now  occupied  by  the  Belted  Range.  This  limestone  closely  resem- 
bles the  Pogonip  limestone  of  the  Panamint  Range,  although  from 
its  great  thickness  it  may  extend  well  down  into  the  Cambrian.  Mr. 
E.  O.  Ulrich  identified,  from  material  collected  by  the  writer,  Gir- 
canellaAWie.  forms  of  smaller  size  and  denser  structure  than  those 
(collected  from  the  Cambrian  limestone  of  the  Silver  Peak  Range, 
lie  considers  these  probably  of  Ordovician  age. 

Weher  conglomerate, — The  Weber  conglomerate  forms  the  crest 
and  eastern  slope  of  the  Belted  Range  south  of  Whiterock  Spring, 
as  well  as  broad  ridges  west  of  Oak  Spring  and  north  of  Whiterock 
Spring.  The  formation  includes  a  sandstone  from -800  to  1,000  feet 
thick  and  an  overlying  shale  from  800  to  500  feet  thick.  While 
sandstone  predominates  in  one  member  and  shale  in  the  other,  some 
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bands  of  shale  are  included  in  the  sandstone,  as  well  as  sandstone  in 
the  shale  member. 

The  reddish  or  brownish  sandstone  is  either  a  quartzose  rock  or  an 
arkose  of  medium  grain.  It  is  somewhat  indurated,  but  when  crushed 
fracture  occurs  around  the  grains  rather  than  through  them,  as  in 
quartzite.  The  indurated  sandstone  grades  into  conglomeratic  bands 
which  contain  well-rounded  pebbles  up  to  4  inches  in  diameter.  These 
f>ebblas  are  smoky  quart?5  of  vein  or  pegmatitic  origin,  gray  banded 
flint,  pinkish  or  white  -quartzite,  and  black  jasperoid  seamed  with 
quartz  veinlets.  The  quartzite  and  jasperoid  closely  resemble  the 
Cambrian  rocks  of  other  portions  of  the  area,  and  if  such  is  their  age, 
it  indicates  that  between  the  deposition  of  the  Cambrian  and  the  Car- 
boniferous sediments  a  period  of  deformation  intervened.  The  meta- 
morphism  of  these  supposed  Cambrian  pebbles  is  such  that  the  beds 
from  which  they  were  derived  must  have  been  folded  and  eroded  prior 
to  the  deposition  of  the  Carl)oniferous  strata.  The  arkose  grades  into 
thin-bedded  shale  of  olive-green,  brown,  purple,  or  light-gray  color. 

The  Weber  conglomerate  appears  to  lie  conformably  beneath  the 
Pennsylvanian  limestone,  and  hence  occupies  a  position  similar  to  that 
of  the  Weber  conglomerate  at  Eureka,  Nev.,  as  described  by  Hague.« 
Near  Whiterock  Spring  some  peculiar  fucoid-like  markings  occur  on 
a  light-gray  shale.  Mr.  E.  O.  Ulrich  states  that  these  resemble 
Palceodictyon  and  are  probably  of  Carboniferous  age. 

Pennsylvanian  limestone. — Pennsylvanian  limestone  forms  the 
prominent  ridges  north  of  Oak  Spring  and  the  low  ridges  south  of  the 
^ame  point.  It  also  covers  considerable  areas  to  the  east  and  northeast 
of  Tippipah  Spring.  Approximately  2,500  feet  of  this  limestone  is 
exposed  in  the  Belted  Range,  although  the  top  of  the  formation  is  not 
present.  It  is  a  fine-  to  medium-grained  gray  limestone  of  dense  tex- 
ture. Certain  layers  in  fineness  of  grain  and  density  resemble  litho- 
graphic limestone.  Much  of  it  is  magnesian,  and  other  portions 
when  struck  with  the  hammer  smell  oily.  Small  black  flint  nodules 
occur  in  some  beds,  and  white  calcite  veinlets  are  locally  abundant. 
The  limestone  is  for  the  most  part  rather  heavily  bedded,  although 
interbedded  shaly  layers  are  fine  bedded. 

Intra  forma  tional  conglomerates  occur  at  several  horizons,  and  near 
the  center  of  the  section  as  exposed  is  55  feet  of  limestone  conglomerate. 
The  included  pebbles,  which  reach  a  maximum  diameter  of  4  inches, 
are  jasperoid  and  quartzite,  probably  of  Cambrian  age,  and  limestone, 
probably  from  the  lower  part  of  the  Pennsylvanian  section.  It  seems 
likely  that  this  conglomerate  merely  indicates  shallow-water  condi- 
tions and  not  an  important  stratigraphic  break,  since  Pennsylvanian 
fossils  occur  above  and  below  it.  Above  this  bed  numerous  thin  layers 
of  similar  conglomerate  and  shale  are  interbedded  with  the  limestone. 

•Hague,  Arnold,  Mod.  U.  S.  GeoL    Survey,  vol.  20,   1892,  pp.  91^92. 
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The  Pennsylvanian  limestone  appears  to  overlie  the  Weber  conglom- 
erate conformably.  The  formation  is  fossil  if erous,  and  collections 
were  made  4  miles  south  of.  Oak  Spring  and  at  several  horizoas 
northeast  of  Tippipah  Spring.  Dr.  George  11.  (lirty  kindly  made 
the  following  determinations  of  Pennsylvanian  fossils,  the  first  four 
lots  l)eing  found  l)eneath  the  limestone  conglomerate  and  the  fifth 
alM>ve  it. 

FoftsilM  from  Penfisylraaian  limrMtonr  in  Belted  Range, 
LOT  1. 


Fenestella  sp. 
Rhombopora  sp. 
Chonetes  sp. 
Productus  cora? 

l*roductu8  sp. 
Avicullpecten  ?  sp. 
PhUUpsIa  sp. 

LOT  2 

Fusulina  sp. 
Rhomlmpora  sp. 
Archfeocidras  sp. 
Derbya?  sp. 

Marglnifera?  sp. 
Seminula  sp. 
Avicullpecten  sp. 

LOT  3. 

Chonetes  sp.  aff.  C. 
Semlnula  sp. 

permlanus. 

Leda?  sp. 
LOT  4. 

Zaphrentls  sp. 
Rhombopora  sp. 
Stenopora  sp.  cf.  S. 

carbonaria. 

Marglnifera?  sp. 
AmboccBlla?  sp. 
Derbya?  sp. 

LOT  5. 

Rhombopora  sp. 
Stenopora?  n.  sp. 

Productus  sp.  cf.  I 
Productus  nevaden 

Siehert  lake  beds. — Siebert  lake  beds  cover  considerable  areas  north 
of  Oak  and  AVhiterock  springs,  and  a  number  of  small  outliers  occur 
on  the  Carboniferous  rocks  near  by,  indicating  that  the  lake  beds 
were  at  one  time  continuous  with  those  of  Pahute  Mesa.  Another 
outcrop  lies  south  of  Wheelbarrow  Peak,  and  to  the  east  there  are 
smaller  areas  not  mapped. 

A  section  at  Oak  Spring  is  as  follows: 

Section  at  Oak  Spring, 

Feet. 
Later    rliyolito 250 

WeU-beddeil,  Incoherent  sandstones  and  conglomerates;  whUe  with  some 
dark  gray  bands.  Many  of  the  hiyera,  which  are  from  2  to  4  feet  thick, 
show  cross-bedding.  Crystals  of  glassy  feldspar,  quartz,  and  biotite  are 
abundant  in  some  beds  and  lacking  in  others.  The  pebbles  in  the  con- 
glomerate for  the  most  part  are  small,  but  some  of  them  reach  G  inches 

in    diameter 200 

Later    rhyolite 40 

White  seiUnients  as  alK>ve 100 

Later    rhyolite GO 

Salmon  pink,  white,  and  yellow  sediments  as  al)ove 280 
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Chalcedonic  quartz,  in  considerable  quantities,  is  deposited  in  the 
cavitias  of  the  sediments  in  this  vicinity.  The  conglomerate  near 
^\Tieelbarrow  Peak  inclosas  many  bowlders  of  earlier  rhyolite  from 
3  to  4  feet  in  diameter.  Such  bowlders  protect  the  softer  sandstone 
immediately  l>eneath  from  erosion,  and  in  consequence  they  form 
in  places  the  caps  of  columns  20  feet  high. 

Thes(»  beds  appear  to  be  contemporaneous  with  those  of  Pahute 
Mesa  and  Shoshone  Mountain,  and  like  them  are  considered  the 
equivalent  of  the  Siebert  lake  beds,"  of  Miocene  age,  at  Tonopah. 

IGNEOUS    ROCKS. 

Monzonite. — Included  in  the  granite  near  Oak  Spring  are  frag- 
ments of  a  fine-grained,  dark-gray,  granular  igneous  rock.  On  micro- 
scopic examination  this  proves  to  be  a  hornblende-biotite  monzonite. 
Titanite  and  magnetite  are  accessory  minerals. 

Granite, — A  stock  of  granite,  approximately  three- fourths  of  a  mile 
in  diameter,  cuts  the  Pennsylvanian  limestone  2J  miles  south  of  Oak 
Spring  and  sends  many  apophyses  into  it.  The  granite,  forming  a 
dome,  set  with  many  exposures  in  blocklike  masses,  rises  above  the 
near-lying  limestone.  In  the  eastern  portion  of  the  area  it  has  a 
sheeting  dipping  eastward,  parallel  to  the  limestone  contact.  The 
granite  tends  to  weather  into  spheroidal  masses,  although  some  of  the 
joint  blocks  have  their  comers  but  slightly  blunted. 

This  rock  is  a  light-gray  porphyritic  granite,  characterized  by 
unusually  large  feldspar  and  quartz  phenocrysts,  which  lie  in 
a  medium-  to 'coarse-grained  matrix  of  white  feldspar  and  biotite. 
Quartz  is  an  unimportant  constituent  of  the  groundmass,  the  silica 
having  largely  separated  out  in  the  older  crystals.  Phenocrysts  of 
pale-pink  feldspar,  of  perfect  outline,  reaching  a  maximum  length 
of  4  inches,  are  the  most  prominent,  in  places  forming  one-third  of  the 
rock  surface.  The  feldspar  phenocrysts  inclose  minute  blades  of  bio- 
tite zonally  arranged.  The  slightly  smoky  quartz  phenocrysts  are 
perhaps  more  numerous,  though  smaller  than  those  of  feldspar,  their 
maximum  diameter  being  one-half  inch.  Phenocrysts  of  mica  1  inch 
in  diameter  are  rare.  Both  feldspar  and  quartz  phenocrysts  pro- 
trude on  weathering  and  finally  drop  out.  The  granite  is  in  places 
deeply  weathered.  The  smaller  feldspars  are  more  kaolinized  than 
the  large  crystals,  while  the  biotites  are  bronze-brown  in  color  and  are 
surrounded  by  hematitic  stain  which  has  separated  from  them.  Un- 
der the  microscope  this  rock  proves  to  be  a  biotite-hornblende  gran- 
ite, containing  considerable  plagioclase  and  hence  leaning  toward 
quartz  monzonite.  The  texture  is  granular  and  hypidiomorphic,  on 
account  of  the  presence  of  plagioclase  laths  in  the  groundmass  and  of 

•  Spurr,  J.  E.,  Prof.  Paper  U.  S.  Geol.  Survey  No.  42,  1905,  p.  51. 
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the  large  zonal ly  built  orthoclase  phenocn^sts.  The  accessory  min- 
erals include  titanite,  zircon,  and  apatite. 

The  granite  is  cut  by  dikes  of  aplite  rather  poor  in  biotite.  Peg- 
matite dikes  are  common.  Tiie  coarsely  granular  pegmatite  is  com- 
posed of  feldspar  and  quartz  anhedra  which  reach  a  maximum  diam- 
eter of  12  inches.  Limonite  pseudomorphs  after  pyrite  are  inclosed  in 
both  quartz  and  feldspar  grains.  Oraphic  granite,  with  letters  one- 
fourth  inch  across,  is  a  less  common  variety  of  pegmatite.  A  third 
facies  is  an  aggregate  of  coarse  feldspar  individuals  with  a  few  quartz 
anhedra.  Eml)edded  in  the  feldspar  are  numerous  biotite  blades  from 
one-half  to  1  inch  long.  Under  the  microscoj^e  this  rock  is  seen  to 
be  composed  of  large  plates  of  microperthitic  orthoclase  intergrown 
with  quartz  in  the  manner  characteristic  of  graphic  granite.  Be- 
tween these  large  areas  is  a  granular  mosaic  of  orthoclase  and  quartz. 
A  few  needle-like  blades  of  biotite  and  grains  of  magnetite  are  also 
present. 

Next  to  the  limestone  the  granite  becx)mes  fine  grained,  although  the 
phenocrysts  retain  their  size  and  in  consequence  probably  solidified 
prior  to  the  intrusion  of  the  magma  into  the  limestone.  Limonite 
cubes  after  origini^l  pyrite  are  particularly  common  near  the  contact 
The  limestone  near  the  contact  is  metamorphosed  to  a  fine-grained 
marble  of  white  color,  which  in  some  localities  contains  lenses  of 
pale-gray  marble.  In  less  pure  layers  fibrous  tremolite,  locally  in 
globular  masses,  is  developed.  Other  layers  are  colored  greenish  yel- 
low by  serpentine  and  chlorite.  The  more  impure  layers  are  changed 
to  grossular  garnet,  forming  a  heavy  dark-brown  rock".  This  garnet 
in  cavities  occurs  as  beautiful  citron-yellow  crystals.  A  heavy  rock 
of  deep-green  color  also  provers,  on  microscopic  examination,  to  be 
composed  of  garnet,  which  even  in  ihin  section  has  a  decided  green 
tinge  and  which  is  associated  with  calcite,  staurolite,  tremolite,  quartz, 
zoisite,  titanite,  and  iron  ore.  Another  thin  section  of  altered  lime- 
stone proves  to  be  a  finely  granular  marble,  between  the  calcite  grains 
of  which  are  tremolite  and  colorless  garnet  grains  and  a  few  irregu- 
lar areas  of  chlorite.  Still  another  thin  section  is  composed  of  large 
plates  of  calcite  and  quartz,  in  which  chlorite,  tremolite,  and  color- 
less garnet  are  micropoikilitically  inclosed.  The  shale  of  the  Weber 
conglomerate  is  metamorphosed  to  a  slaty  shale,  in  which  nests  of 
tiny  muscovite  tablets  are  developed.  Other  facies  contain  numerous 
pyrite  crystals.  The  most  interesting  metamorphosed  shale  is  a  black 
argillite,  in  which  are  many  rectangular  white  columns  with  black 
cores.  Under  the  microscope  these  columns  embedded  in  the  carbo- 
naceous argillite  are  seen  to  be  chiastolite,  a  variety  of  andalusite. 
On  its  edges  this  mineral  is  somewhat  altered  to  muscovite. 

This  coarse  granite  porphyry,  characterized  by  two  generations  of 
mineral  solidification  and  associated  with   aplitic  and  pegmatitic 
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facies,  clearly  bridges  the  interval  between  granite  and  granite 
porphyry.  The  granite  cuts  Pennsylvanian  limestone  and  is  doubtless 
one  of  the  post-Jurassic  series.  It  rather  strikingly  resembles  the 
granite  outcropping  5  miles  north  of  Ammonia  Tanks. 

Several  smaller  masses  of  similar  granite  occur  near  the  main 
stock.  The  mass  1^  miles  east  of  south  of  Oak  Spring  lacks  pheno- 
crysts,  and,  since  it  is  only  200  yards  in  diameter,  is  very  similar  in 
other  respects  to  the  contact  facies  of  the  main  mass.  It  is  medium 
grained  or  in  a  few  places  medium  coarse  grained.  The  granite  is 
more  altei-ed  than  that  of  the  main  mass,  and  the  mica  is  usually 
niuscovit^,  apparently  secondary  to  biotite.  The  granite  grades  into 
a  coai'se  pegmatite,  which  in  turn  grades  into  pegmatitic  quartz, 
each  of  which  contains  pyrite  altered  to  limonite.  The  larger  of  the 
limonite  cubes  are  one-half  inch  in  diameter,  and  the  pyrite  was 
undoubtedly  an  original  constituent  of  the  pegmatite.  The  pegmatite 
has  some  miarolitic  cavities  into  which  quartz  and  feldspar  crystals 
1  inch  long  project.  A  third  mass  of  granite  lies  between  the  two 
already  described,  and  two  small  outcrops  isolated  in  the  alluvial 
deposits  appear  to  have  been  separated  from  the  largest  mass  by 
erosion. 

Andesite. — About  2^  miles  west  of  AVheelbarrow  Peak  is  an  ex- 
posure of  andesite  partially  covered  by  the  earlier  rhyolite  flows. 
The  rock  has  a  dense  reddisli-black  groundmass,  in  which  are  em- 
bedded many  medium-sized  striated  feldspar  phenocrysts,  which  are 
either  glassy  and  colorless  or  cloudy  and  white.  Hand  specimens 
suggest  the  presence  of  hornblende.  Under  the  microscope  the 
groundmass  aj)pears  as  a  glass  containing  many  tiny  laths  of  plagio- 
clase.  The  phenoci'ysts  are  plagioclase  (labradorite),  brown  horn- 
blende, with  a  reaction  rim  of  magnetite,  which  in  some  instances 
completely  replaces  the  hornblende,  and  a  little  augite.  The  plagio- 
clase phenocrysts,  some  of  which  are  complex  crystals,  are  somewhat 
rounded  by  magmatic  corrosion  and,  as  a  rule,  show  beautiful  zonal 
growth.  Inclusions  of  a  greenish-gray  andesite,  rather  similar,  altho 
with  smaller  feldspar  phenocrysts,  occur  in  rhyolite  near  Cliff  Spring. 
In  the  gravels  of  the  valley  1^  miles  west  of  Wheelbarrow  Peak  are 
bowlders  of  a  greenish-gray  andesite.  Phenocrysts  of  altered 
greenish- white  feldspar  are  abundant,  and  associated  with  these  are 
biotite  and  either  hornblende  or  pyroxene  phenocrysts.  The  source 
of  this  andesite  is  unknown.  It  strikingly  resembles  the  post- 
rhyolitic  andesite  of  the  Kawich  Range  and  may  perhaps  l)c  younger 
than  the  earlier  rhyolite  of  the  Belted  Range.  Certainly  in  this 
range  andesite  older  than  the  rhyolites  occurs,  while  andesitic  erup- 
tions may  also  have  followed  the  rhyolitic  effusion. 

Earlier  rhyolite. — The  earlier  rhyolite  is  the  predominant  rock 
of  the  northern  part  of  Belted  Range,  and  from  its  rather  striking 
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bands  of  red,  purple,  gray,  and  thrown,  the  name  of  the  range  is 
derived.  Of  the  many  rhyolitie  facies  perhaps  the  most  common 
has  a  rather  dense  reddish  groundmass,  in  which  are  embedded 
medium-sized  phenocrysts  which  equal  or  exceed  it  in  bulk.  The  de- 
scription of  the  phenocrysts  of  the  earlier  rhyolite  of  the  Kawich 
Range  applies  almost  equally  well  to  those  of  this  formation.  Biotite. 
however,  is  the  predominant  phenocryst  in  a  facies  outcropping  U 
miles  northwest  of  Cliff  Spring.  Hornblende  phenocrysts  are  very 
rare.  The  rhyolite  varies  in  color  from  white,  gray,  brown,  or  pur- 
ple to  black.  In  texture  the  gi'oundmass  varies  from  glassy  with 
well-developed  flow  lines,  perl  it  ic  cracks,  and  spherulites  through 
pumiceous  to  lithoidal.  The  rhyolites  in  the  vicinity  of  AATieelbarrow 
Peak  are  more  glassy  and  appear  to  be  poorer  in  phenocrysts,  particu- 
larly quartz.  Chalcedony  is  abundart  on  joint  planes,  and  throughout 
the  area  surveyed  an  unusually  great  development  of  this  form  of 
secondary  quartz  is  associated  with  the  more  glassy  facies.  The  only 
thin  section  examined  proved  to  be  a  normal  rhyolite  with  partially 
devitrified  brown  glassy  groundmass. 


Desert  gravels 
Pogpnip 


smiles 
Vui.   12. — Ku8t-\vp8t  section  across  Belted  Rangre  throujjh  Belteti  I'eak. 

Near  Cliff  Spring  the  red  rhyolite  of  the  cliffs  has  been  bleached 
10  a  yellowish  white  by  surface  waters  along  joints  and  irregular 
cracks.  The  contact  l)etween  the  bleached  and  unbleached  portions 
is  unusually  sharp.  The  joints  are  often  offset  regularly,  and  the 
bleaching  follows  such  offsets.  Microscopic  examination  shows  that 
the  bleaching  is  due  to  the  removal  of  the  hematite  coloring  matter 
of  the  somewhat  devitrified  glass.  It  is  probable,  in  consequence, 
that  considerable  portions  of  the  white  chalky  rhyolite  of  the  range 
have  been  produced  by  similar  bleaching. 

Columnar  jointing,  due  to  contraction  during  cooling  of  the  lava, 
is  particularly  well  developed  on  a  hill  isx)lated  in  the  wash,  U  miles 
west  of  Cliff  Spring,  to  the  north  of  the  road.  The  columns  are  from 
G  to  12  inches  in  diameter  and  vary  in  position  from  vertical  to 
horizontal,  intermediate  directions  being  common. 

The  rhyolite  as  seen  on  either  flank  of  the  range  is  clearly  a  flow, 
which  in  places  is  over  2,000  feet  thick.  Belted  Peak  has  some  of  the 
characteristics  of  a  vent  (fig.  12),  although  the  rhyolite  may  have  been 
extruded  from  a  long  fissure  near  and  i)arallel  to  the  crest  line,  a  sug- 
gestion which,  however,  requires  for  proof  more  careful  field  observa- 
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tion  than  was  passible  in  the  present  r^onnaissance.  The  relations 
between  the  small  rhyolite  mass  2  miles  south  of  west  of  Belted  Peak 
and  the  Palepzoic  rocks  are  poorly  exposed,  but  the  rhyolite  probably 
represents  the  lower  portion  of  the  rhyolite  flow  rather  than  a  dike, 
since  no  dikes  were  observed  in  sedimentary  rocks  to  the  west. 

The  earlier  rhyolite  is  similar  lithologically  to  that  of  the  Kawich 
and  Reveille  ranges,  and  like  them  lies  beneath  the  Siebert  lake  beds. 
All  three  are  practically  of  the  same  age,  probably  early  Miocene. 

Later  rhyolite. — Later  rhyolite  caps  Oak  Spring  Butte  (see  fig.  13) 
and  forms  a  lower  bench  oq  the  same  butte  and  a  similar  bench  on  the 
ridge  north  of  Wliiterock  Spring.  It  also  covers  large  areas  to  the 
west,  on  Pahute  Mesa.  The  predominant  facies  is  a  resinous  or  glassy 
rhyolite  composed  of  light-gray  and  black  flow  bands  and  lenses. 
Perlitic  parting  is  locally  present.  Medium-sized  phenocrysts  equal 
the  groundmass  in  bulk  and  in  the  hand  specimen  consist  of  unstri- 
ated  feldspar,  often  showing  beautiful  color  plays,  and  colorless 
quartz  in  rounded  grains  or  dihexagonal  i)yramid  and  prism  crystals. 
The  microscope  shows  the  presence  also  of  smaller  phenocrj^sts  of 
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Fiti.   1*^. — North-south  section  through  Oak  Spring  Butte,  Belted  Range. 

deep-green  augite  and  biotite.  Another  facies  is  a  reddish-gray 
aphanitic  rock  with  a  few  phenocrysts  of  feldspar  and  black  mica. 
Some  quartz  and  plagioclase  phenocrysts  are  also  visible  under  the 
microscope  in  the  devitrified-glass  groundmass. 

The  later  rhyolite  is  a  flow,  in  part  contemporaneous  with  the  Sie- 
bert lake  beds,  but  mostly  younger.  It  is  therefore  of  middle  and 
possibly  late  Miocene  age.  It  is  contemporaneous  with  the  rhyo- 
lite of  Shoshone  Mountain  and  Pahute  Mesa,  and  probably  with  the 
later  rhyolite  of  the  Kawich  Range  and  of  Stonewall  Mountain  and 
with  the  later  rhyolite  and  biotite  latite  of  the  Amargosa  Range. 

Bnsalt. — Basalt  covers  considerable  areas  near  the  middle  of  the 
lilted  Range.  The  low  hills  at  the  north  end  of  the  range  also 
apj)ear  from  a  distance  to  be  basalt.  The  basalt,  where  examined,  is 
lithologically  similar  to  and  probably  contemporaneous  with  that  of 
the  Reveille  Range,  and,  like  it,  overlies  the  eroded  earlier  rhyolite. 
It  is  probably  of  late  Pliocene  age.  The  surface  of  the  Belted  Range 
was,  however,  probably  less  rugged  than  that  of  the  Reveille  Range 
at  the  time  of  the  basalt  effusion. 
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STBUOTUSS. 

The  Pogonip  limestone,  as  exposed  in  the  Belted  Range,  lies  in  a 
monocline  which  strikes  north  and  dips  20°  to  30°  W.  next  Kawich 
Valley  and  70°  AV.  southwest  of  Belted  Peak.  Superimposed  upon 
the  main  fold  are  a  few  minor  isoclinal  folds  of  similar  strike,  as  well 
as  gentle  cross  folds.  This  is  probably  the  eastern  limb  of  a  broad 
syncline  which  underlies  Kawich  Valley  and  which  has  for  its  west- 
ern limb  the  eastward-dipping  monocline  of  Quartzite  Mountain. 
A  numlx^r  of  dip  faults  of  east- west  strike  cut  the  Pogonip  limestone, 
with  a  uniform  offset  of  the  beds  on  the  north  side  of  the  faults  to  the 
east.  The  lateral  displacement  of  the  largest  faults  shown  on  the 
map  is  100  feet. 

The  Carboniferous  rocks  are  bent  into  rather  open  folds,  which 
near  Oak  Spring  have  north-south  axes  and  to  the  north  of  Tippipah 
Spring,  as  a  rule,  course  northeast  and  southwest.  Small  isoclinal 
folds  passing  into  overthrust  faults  occur,  particularly  in  the  shale. 
The  intrusion  of  the  granite  considerably  disturbed  the  strata  on  its 
north  side^while  the  beds  on  the  other  sides  were  but  little  affected. 
The  folding  was  evidently  in  part  prior  to  the  granite  intrusion,  in 
part  due  to  it,  and  in  part  later,  since  the  granite  in  places  has  a 
sheeting  parallel  to  the  l)edding  planes  of  the  limestone.  Since  the 
folding  of  the  strata  some  normal  faults  have  l)een  formed. 

Prior  to  the  extrusion  of  the  earlier  rhyolite  in  the  northern  part 
of  the  range  the  Pogonip  limestone  formed  a  mountain  range  possi- 
bly somewhat  lower  than  the  present  Belted  Range,  with  its  crest  H 
miles  west  of  the  present  crest  line.  In  the  southern  part  of  the  range 
prior  to  the  deposition  of  the  Siebert  lake  IkhIs  the  Carlwniferou'^ 
rocks  had  at  least  a  gently  accentuated  surface,  since  numerous  hill- 
ocks of  the  older  rocks  protrude  through  the  younger  sediments  north 
of  Tippipah  Spring.  The  Siebert  lake  beds  at  Oak  Spring  have  been 
uplifted  without  important  flexure.  After  this  uplift  erosion  de- 
veloped a  mature  mountain  surface,  which  prior  to  the  extrusion  of 
the  basalt  was  tilted  to  the  east.  The  basalt  flows  on  the  east  side  of 
the  range  dip  to  the  east  at  the  rate  of  500  feet  to  the  mile,  possibly 
indicating  that  the  eastward  tilting  continued  after  the  outflow  of  the 
basic  lava. 

ECONOMIO  GEOLOGY. 

OAK    SPRING. 

At  Oak  Spring  a  number  of  prospects  are  being  developed.  In 
granite  1^  miles  nearly  due  south  of  Oak  Spring  quartz  veins  of 
pegmatitic  origin,  from  1  to  3  feet  wide,  striking  N.  30°  E.  and  dip- 
ping 15°  NW.,  have  been  staked.  The  quartz  is  white  and  slightly 
sugary  and  contains  vugs  with  small  quartz  crystals.  Some  of  it  is 
intensely  brecciated,  the  cracks  being  stained  by  hematite  and  linion- 
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ite.  Sulphides  are  sj)aringly  present  and  consist  of  pyrite,  chalco- 
pyrite,  galena,  and  zinc  blende,  named  in  the  order  of  their  abun- 
dance. From  these  hematite,  limonite,  malachite,  azurite,  and  cerus- 
site  are  derived  as  secondary  minerals.  A  coating  of  an  unctuous 
mineral  in  silvery  tablets  frosts  some  of  the  cavities.  The  values  in 
this  locality  are  said  to  be  gold  with  less  silver.  The  deposits  are 
genetically  similar  to  the  mineralized  pegmatite  veins  of  Lime  Point, 
in  Slate  Ridge,  and  the  sulphides  were  probably  introduced  into  the 
pegmatitic  quartz  after  its  solidification. 

The  pegmatitic  quartz  veins  abundant  in  a  small  granite  mass 
three-fourths  of  a  mile  east  of  south  of  Oak  Spring  contain  pyrite 
crystals,  as  do  the  less  acidic  pegmatites  and  the  surrounding  and 
genetically  related  granite.  The  quartz  is  said  to  carry  good  gold 
and  silver  values,  presumably  in  the  pyrite. 

About  300  yards  southwest  of  Oak  Spring  and  dow^n  the  same  ridge 
is  a  25- foot  shaft  in  Pennsylvanian  limestone,  here  locally  horizontal. 
A  vein  2  feet  wide,  which  strikes  N.  35°  E.  and  dips  70°  NW.,  cuts 
the  limestone.  The  vein  is  formed  of  malachite,  chrysocolla,  and  a 
jaspery  quartz,  which  is  deeply  stained  by  blotches  of  manganese 
dioxide  and  limestone.  Striking  vugs  in  malachite  lined  w^ith  later 
azurite  which  in  turn  is  covered  with  clear  quartz  crystals  resemble 
copper-sulphate  crystals.  Massive  yellowish-gray  cerussite  (lead  car- 
bonate) is  also  present.  A  yellowish-green,  finely  scaly  coating  on 
fractures  was  determined  by  Mr.  AValdemar  T.  Schaller  to  be  either 
emmonsite  or  durdenite,  hydrated  ferric  tellurites.  The  presence 
of  the  compound  of  tellurium  is  of  considerable  interest,  since  it  indi- 
cates the  presence  of  a  telluride  among  the  original  minerals  of  fhe 
post-Jurassic  ore  deposits.  Emmonsite  is  one  of  the  last  secondary 
minerals  to  form  and  coats  both  jaspery  quartz  and  chrysocolla. 
Postmineral  faulting  has  occurred.  The  secondary  minerals,  which 
alone  are  seen,  partly  replace  the  limestone  and  partly  fill  preexist- 
ing cavities. 

The  so-called  turquoise  mine  at  Oak  Spring  is  a  small  cut  in  the 
metaniorphic  Pennsylvanian  limestone  1^  miles  south  of  the  spring 
and  three-fourths  of  a  mile  from  the  granite  contact.  Two  veins 
strike  north  and  south  and  dip  65°  W.,  apparently  parallel  to  the 
bedding  of  the  limestone,  which  is  here  partially  marmorized  and 
silicified.  The  w^der  vein  varies  in  width  from  2  inches  to  1  foot  and 
can  be  traced  several  hundred  feet.  Four  feet  away  is  a  parallel 
vein,  the  two  being  connected  by  a  few  chrysocolla  stringers.  The 
veins  are  composed  of  a  mottled  mosaic  of  chrysocolla  and  a  dark 
compact  jaspery  quartz,  stained  in  some  places  by  limonite  and  in 
others  by  manganese  dioxide.  The  chrysocolla  is  usually  verdigris 
green,  although  picked  pieces  are  a  beautiful  robin's-egg  blue.  The 
Bull.  308—07  M 9 
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substance  is  usually  opaque,  but  some  is  slightly  translucent.  The 
chrysocolla  is  commonly  massive,  locally  with  a  botryoidal  structure, 
and  in  some  massive  phases  an  occasional  cleavage  face  is  seen.  It 
is  cut  by  veinlets  of  inanganese  dioxide  and  white  calcite  or  quartz. 
Chrysocolla  veinlets  of  slightly  different  color  cut  one  another, 
showing  that  the  formation  of  this  mineral  extended  over  a  consider- 
able period.  Associated  with  it  is  a  crystalline,  bottle-green,  semi- 
transparent  mineral  whose  cleavage  faces  reach  a  length  of  one-half 
inch.  A  radial  structure  is  observed  in  places.  This  mineral  is 
embedded  in  the  chrysocolla  or  cuts  it  in  veins  and  is  of  practically 
contemporaneous  age.  It  is  probably  brochantite,  a  hydrous  sul- 
phate of  copper.  Both  the  chrysocolla  and  the  brochantite  wert* 
determined  by  Mr.  AValdemar  T.  Schaller.  Postmineral  faults  cut  the 
veins  and  parallel  them.  Pieces  of  blue  chrysocolla  closely  resemble 
turquoise,  and  several  hundred  pounds  of  the  material  have  been  sold 
for  this  gem.  The  mineral  takes  an  excellent  polish.  The  largest 
piece  of  pure  chrysocolla  seen  was  6  by  3  by  2  inches. 

In  these  copper  deposits  the  minerals  exposed  are  all  secondary'. 
Malachite,  chrysocolla,  brochantite,  cerussite,  a  jaspery  quartz,  and 
limonite  seem  practically  contemporaneous.  There  is  considerable 
evidence  that  the  formation  of  the  copper  minerals  and  the  jaspery 
quartz  extended  over  a  considerable  period,  during  which  some  frac- 
turing occurred  and  in  consequence  the  relations  between  these  min- 
erals are  complex.  They  partly  replace  the  limestone  and  partly  fill 
fissures.     Azurite,  emmonsite,  quartz,  and  calcite  are  of  later  origin. 

Narrow  seams  and  veins  of  quartz  are  rather  widely  distributed  in 
the  Pennsylvanian  rocks,  particularly  near  granite  intrusions.  In 
the  slaty  shales  and  quartzites  throughout  the  southern  portion  of  the 
range  such  veins  occur.  A  quartz  vein  2  inches  thick  which  carries 
some  pyrite  cuts  the  shale  one-half  mile  south  of  Whiterock  Spring. 
Specimens  of  quartzite,  which  evidently  came  from  the  quartzite  to 
the  north,  were  found  at  Tippipah  Spring.  These  were  rather 
strongly  stained  by  malachite  and  hematite. 

Oak  Spring  furnishes  sufficient  good  water  for  domestic  purposes, 
iind  there  are  several  other  springs  in  the  general  vicinity.  Oak 
Spring  Butte  is  timl)ered  to  some  extent.  Calientes,  on  the  San 
Pedro,  Los  Angeles  and  Salt  Lake  Railroad,  is  the  natural  shipping 
point. 

OTHER   AREAS. 

Prospects  are  located  on  either  side  of  the  road  from  Kawich  to 
Cliff  Spring,  near  the  eastern  border  of  the  Pogonip  limestone.  The 
supposed  ore  is  in  part  a  fine-grained  quartzite  and  in  part  vein 
quartz,  in  which  are  small  disseminated  iron-pyrite  cubes  and  thin 
stringers  of  pyrite.     The  veins  where  examined  are  thin. 
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Reefs  of  silicified  rhyolite  similar  to  that  of  the  Kawich  Range 
occur  south  of  Belted  Peak.  The  alteration  of  the  rhyolite  is  strik- 
ingly like  that  at  Silverbow,  Eden,  and  other  mining  camps  situated 
in  rhyolite,  and  the  ground  is  worthy  of  prospecting.  Over  a  con- 
siderable area  east  and  southeast  of  Belted  Peak,  near  the  boundary 
of  the  area  mapped,  the  rhyolite  api>ears  in  a  distant  view  from  its 
color  and  topography  to  be  much  altered. 

PAHUTE  MESA.^ 
TOPOGRAPHY  AITS  GEOGRAPHY. 

The  name  Pahute  Mesa  is  applied  to  the  lava-capped  table-land 
sti-etching  from  Stonewall  Mountain  on  the  northwest  to  the  Belted 
Range  on  the  southeasl,  a  distance  of  48  miles.  The  masa  is  12  miles 
wide  except  near  its  center,  where  Tolicha  Peak  cuts  it  into  two  por- 
tions. Notwithstanding  this  break  these  divisions  are  so  similar, 
both  topographically  and  geologically,  that  it  is  convenient  to  de- 
scribe them  under  a  single  name. 

Pahute  Mesa  consists  of  a  series  of  benches  one  above  another,  the 
surfaces  of  which  are  determined  by  resistant  flows  of  lava  (PI.  II, 
A ) .  These  level  benches  are  trenched  deeply  by  canyons,  while  hills 
of  older  rocks  and  cones,  the  vents  of  the  lavas,  rise  from  their  sur- 
faces. Southeast  of  Stonewall  Mountain  the  mesa  has  an  average 
elevation  of  5,500  feet.  It  gains  in  altitude  to  the  southeast  and  near 
the  Belted  Range  the  highest  mesa  bench  is  7,500  feet  high.  The 
?outhw^ard-facing  scarp  is  1,500  feet  high. 

The  western  portion  of  the  mesa  is  without  vegetation  other  than 
sage  and  related  shrubbery  and  the  yucca.  The  higher  portions  of 
the  eastern  edge  are,  on  the  other  hand,  covered  with  a  fairly  heavy 
growth  of  pinon  and  juniper,  and  grass  grows  luxuriantly  in  the 
higher  valleys,  making  this  portion  of  Pahute  Mesa  the  best  winter 
range  in  the  area  mapped.  The  mesa  has  no  large  springs,  Pillar 
Spring  containing  less  than  50  gallons  of  water.  A  well  sunk  in  a 
canyon  3  miles  north  of  east  of  Gold  Center  yields  about  300  gallons 
of  water  a  day.  It  is  90  feet  deep  and  passes  through  Recent  gravels 
into  tuffaceous  sediments  beneath  the  basalt.  Tanks  are  common 
on  the  surface  of  the  mesa,  but  in  summer,  with  one  probable  excep- 
tion, these  are  dry.  A  little  bad  water  can  be  procured,  probably 
throughout  the  year,  by  digging  in  the  gravels  at  Ammonia  Tanks. 
On  account  of  the  lack  of  water  Pahute  Mesa  is  more  dangerous  in 
summer  than  Death  Valley. 

GEHSRAL  GEOLOGY. 

On  account  of  its  inaccessibility  and  the  comparative  simplicity  of 
its  geology,  but  little  time  was  devoted  to  the  mapping  of  this  region. 
While  many  inaccuracies  exist  in  the  geologic  boundaries  as  here  laid 
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down,  they  broadly  represent  the  main  features.  The  latest  rhyolite 
and  later  tuffs  beneath  the  basalt  in  the  northwestern  portion  of  the 
mesa  are  not  differentiated  from  the  basalt,  while  the  separation  of 
the  Siebert  lake  beds  and  the  middle  rhyolite  near  the  Belted  Range 
is  only  approximate. 

The  list  of  the  formations  of  Pahute  Mesa,  from  the  oldest  to  the 
youngest,  is  as  follows:  Mica  schist,  pre-granite  monzonite,  po^t- 
Jurassic  granite,  earliest  rhyolite,  biotite  andesite,  Siebert  lake  beds, 
middle  rhyolite,  latest  rhyolite,  later  tuffs,  and  basalt. 

METAMORl»HIC   ROCKS. 

Mica  schists. — At  Trappmans  Camp  the  granite  contains  fragments 
of  mica  schist,  and  an  outcrop  several  hundred  yards  in  diameter,  1 
mile  east  of  Trappmans  Camp,  may  extend  eastward  a  considerable 
distance  beneath  the  Tei*tiary  lavas.  These  rocks  are  crenulated  and 
foliated  schists.  One  facies  is  a  dark -brown  schist  apparently  com- 
posed of  tiny  plates  of  biotite  and  muscovite  well  arranged  in  the 
plane  of  foliation.  The  microscope  shows  that  the  two  micas  are  dis- 
tributed in  rather  distinct  bands  parallel  to  one  another.  Andalusite, 
sillimanite,  and  finely  divided  magnetite  are  present  as  accessories. 
Another  facies  is  a  silvery  schist  composed  of  muscovite,  with  here 
and  there  an  ellipsoidal  aggregate  of  deep-green  chlorite.  Under  the 
microscope  this  proves  to  be  a  schist  composed  of  the  essential  con- 
stituents, muscovite,  chlorite,  and  quartz,  and  the  accessory  constitu- 
ents, sillimanite,  zircon,  andalusite,  and  rutile.  Nothing  is  known 
concerning  the  age  of  these  intensely  metamorphosed  rocks  beyond  the 
fact  that  they  are  much  older  than  a  granite  of  supposed  post-Jurassic 
age.  They  are  perhaps  of  Cambrian  age,  since  they  somewhat  resem- 
ble the  more  metamorphosed  Cambrian  schists  near  granite  at  Gold 
Mountain. 

SEDIMENTARY    ROCKS. 

PaleoBoic  quartzite, — Prospectors  report  that  quartzite  occurs  on 
the  north  slope  of  Mount  Helen,  but  the  locality  was  not  \nsited  by 
the  writer. 

Siebert  lake  beds, — The  Siebert  lake  beds  west  of  the  Belted  Range 
are  similar  to  those  described  in  the  vicinity  of  Oak  Spring.  (See  p. 
122.)  The  beds  are  either  horizontal  or  tilted  up  to  angles  of  30**. 
Probably  to  be  correlated  with  these  are  the  white  conglomeratic 
sandstone  10  miles  north  of  Tolicha  Peak,  and  green  tuffaceous  sedi- 
ments 7  miles  southwest  of  Trappmans  Camp.  From  the  tuffaceous 
beds,  which  contain  quartz,  feldspar,  and  biotite  crystals,  Mr.  B.  D, 
Stewart  collected  pieces  of  silicified  wood  which  Dr.  F.  H.  Knowlton 
states  belonged  to  a  deciduous  tree  not  older  than  the  Tertiary. 

Later  tuffs, — Beneath  the  basalt  of  Pahute  Mesa  east  of  Stonewall 
Mountain  are  tuffs  and  rhyolite  flows  which  appear  to  be  similar  to 
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the  latt»r  rliyolitu  and  later  tutfs  of  the  (loldfield  hills.  (See  pp.  7!^,  74.) 
Similar  beds  outcrop  at  many  points  where  erosion  has  removed  the 
basalt,  and  it  is  probable  that  these  beds  underlie  the  greater  portion 
of  the  basalt.  No  attempt  has  been  made  to  separate  them  from 
basalt  on  the  map.  A  section  east  of  Stonewall  Mountain  is  as 
follows : 

Section  cast  of  Stonewall  Mountain. 
Basalt.  Feet. 

Rbyollte  5 

Gray  tuff  with  smaU  i)ebbles 15 

RhyoHte 7 

YeHow  tuff,  very  rich  in  iiebbles  of  pumice,  which  reach  a  inaximum  diame- 
ter of  1  inch 20 

Gray,  rather  incoherent,  conglomeratic  tuffaceous  sediments.  The  pebbles, 
which  reach  a  maximum  diameter  of  G  inches  nnd  become  smaller  toward 
the  top,  are  formed  of  rhyolitic  pumice,  a  quartz-poor  rhyolite  like  the 
later  rhyolite  of  Cioldfleld,  and  basalt.     Tiny  crystals  of  feldspar,  similar 

to  the  phenocrysts  of  the  rhyolite  of  Goldfield,  are  present 55 

Yellow  tuffs,  like  above 10 

From  this  section  and  that  at  Goldfield  it  may  be  inferred  that  a 
lake  covered  considerable  territory  in  the  northern  part  of  the  area 
under  discussion,  probably  in  late  Pliocene  time.  The  deposits  of  this 
lake  are  separated  from  those  of  the  Pahute  Lake  (Siebert  lake  beds) 
by  an  erosional  unconformity,  and  are  probably  older  than  the  playa 
deposits  of  the  older  alluvium  in  Stonewall  Flat.  Between  the  Plio- 
cene lake  beds  and  the  older  playa  deposits  there  is  little  relation, 
although  the  deposits  laid  down  in  playas  probably  represent  the  last 
stages  of  the  drying  up  of  the  lake  in  which  the  lake  beds  were 
formed.  Spurr**  found  deposits  of  a  late  Pliocene  lake  widely  dis- 
tributed in  Nevada,  and  it  is  possible  that  this  lake  and  the  one  here 
described  are  broadly  contemporaneous. 

Recent  denert  gravels. — Recent  desert  gravels  mask  the  bed  rock 
over  a  considerable  area  east  of  Fortymile  Canyon  and  extend  some  dis- 
tance up  tlie  main  canyons. 

IGNEOUS   BOCKS. 

Tlie  igneous  rocks  of  Pahute  Mesa  include  pre-Tertiary  granular 
rocks  and  Tertiary  dikes  and  lava  flows. 

Pre-granite  monzanite. — In  the  granite  5  miles  north  of  west  of 
WTiiterock  Spring  are  inclusions  of  a  gray  fine-grained  granular  rock. 
Both  striated  and  unstriated  feldspars  are  present  with  quartz  and 
biotite,  and  the  rock  is  similar  to  the  monzonite  included  in  the  post- 
Jiiras.sic  granitoid  rocks  of  Gold  Mountain  and  the  Belted  and  Pana- 
mint  ranges. 

Post-Jurassic  granite. — Granite  forms  the  hills  at  Trappmans  Camp 
and  also  outcrops  5  miles  north  of  west  of  AVhiterock  Spring.    The 

-  Hpiirr,  J.  K..  Bull  V.  S.  Geol.  Survey  No.  208,  100:{,  pp.  124-125,  200-210,  etc. 
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rock  at  Trappmans  Camp  is  a  light-gray  fine-  to  medium-grained 
biotite-museovite  granite.  It  forms  low,  rounded  hills  and  shallow 
valleys,  and  outcrops  are  inconspicuous.  The  granite  is  cut  by  several 
systems  of  intersecting  joints  and  by  faults  and  zones  of  brecciation. 
In  consequence  the  residual  masses  are  squared  blocks,  more  or  less 
rounded.  Under  the  microscope  the  granite  shows  as  an  allotrio- 
morphic,  granular  rock,  composed  of  orthoclase,  quartz,  plagioclase, 
biotite,  muscovite,  and  zircon.  The  muscovite  is  in  part  original  and 
in  part  an  alteration  product  of  feldspar.  The  rock  has  been  consid- 
erably mashed,  and  quartz  and  muscovite  have  been  deposited  in  the 
fractures  of  feldspar  and  quartz. 

The  granite  grades  into  and  is  cut  by  irregular  masses  and  dikes  of 
pegmatite,  composed  of  feldspar  and  quartz  anhedra  up  to  1  inch  in 
diameter.  Quartz  stringers  and  veins  of  pegmatitic  origin,  some  of 
which  are  several  hundred  feet  long  and  40  feet  wide,  are  common. 
The  quartz  on  portions  of  the  borders  of  the  larger  masses  contains 
fragments  of  granite  and  sends  well-defined  veins  into  the  granite. 
At  other  places  single  individuals  of  quartz  on  the  contact  seem  com- 
mon to  both  pegmatitic  quartz  and  granite,  and  arms  of  feldspar 
extend  from  the  granite  into  the  quartz.  Evidently  the  quartz  solidi- 
fied contemporaneously  with  some  portions  of  the  granite  and  subse- 
quently to  other  portions.  A  few  thin  dikes  of  fine-grained  aplite, 
which  stand  in  relief  on  weathering,  cut  the  granite. 

A  granite  mass  1  mile  long  occurs  in  the  midst  of  the  Siebert  lake 
l)eds  5  miles  north  of  west  of  Whiterock  Spring.  It  is  low  and  cov- 
ered by  a  yellowish  granite  soil  from  which  protrude  low,  rounded 
granite  domes.  Near  its  center  is  a  rugged  hill,  set  with  sharp  pin- 
nacles, whose  forms  are  controlled  by  the  well-developed  joints.  The 
granite  is  coarse  grained  and  is  composed  of  pink  feldspar,  white 
semi  transparent  quartz,  and  biotite.  Feldspar  and  quartz  reach  a 
maximum  length  of  three- fourths  of  an  inch.  Under  the  microscope 
the  granite  shows  as  a  hypidiomorphic  granular  rock  formed  pre- 
dominantly of  large  orthoclase  plates  poikilitically  inclosing  quartz 
anhedra  and  plagioclase  laths.  A  little  biotite  is  also  present,  and 
this,  since  it  occurs  along  fractures  in  orthoclase,  has  been  consider- 
ably recrystallized.  The  accessory  minerals  are  titanite,  apatite,  and 
magnetite,  the  last  probably  titaniferous,  since  it  is  surrounded  by 
secondary  titanite. 

The  granite  is  cut  by  narrow  dikes  of  pink  aplite,  practically  lack- 
ing biotite.  These  dikes  weather  in  relief.  In  the  granite  are  ellip- 
soidal masses  of  quartz-feldspar  pegmatite  from  4  inches  to  5  feet  in 
diameter,  the  contact  between  the  granite  and  pegmatite  being  in 
some  instances  sharp,  in  others  gradational.  Feldspar  and  quartz 
individuals  with  a  maximum  diameter  of  0  inches,  together  with  a 
few  biotite  plates,  compose  the  pegmatite.    This  rock  grades  into 
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j)egmatitic  quartz.  The  ellipsoidal  form  and  the  absence  of  channels 
from  one  mass  to  another  in  the  place  of  observation  suggest  that 
the  pegmatite  formed  in  place  from  the  local  residual  fluids  of  the 
granitic  magma.  • 

The  granite  of  Trappmans  Camp  contains  inclusions  of  the  schist 
already  described  and  of  a  black  Paleozoic  quartzite.  It  is  cut  by 
dikes  of  the  earlier  rhyolite,  and  the  later  tuffs  overlap  it.  It  resem- 
bles the  granite  of  Lone  Mountain.  The  granite  near  AVhiterock 
Spring  is  much  older  than  the  Siebert  lake  beds  and  closely  resem- 
bles that  near  Oak  Spring  in  the  Belted  Range.  Each  granite  is 
probably  of  post-Jurassic  and  pre-Tertiary  age. 

Earliest  rhyolite, — The  earliest  rhyolite  protrudes  from  the  basalt 
in  a  number  of  hills  in  the  northwestern  portion  of  the  mesa.  It  evi- 
dently occurs  for  the  most  part  as  a  flow,  although  dikes  of  rhyolite 
cut  granite  at  Trappmans  Camp.  These  dikes  reach  an  observed  maxi- 
mum width  of  40  feet.  They  are  formed  of  a  lithoidal,  brownish- 
gray  rhyolite  with  conchoidal  fracture.  The  feldspar,  quartz,  and 
biotite  phenocrysts  rarely  exceed  a  length  of  one-tenth  of  an  inch  and 
are  exceeded  in  bulk  by  the  groundmass.  The  flow  at  Wilsons  Camp 
is  composed  of  a  white  phenocryst-rich  rhyolite,  in  which  biotite  is 
present  in  some  places  and  absent  in  others.  The  rock  of  the  ijilier, 
9^  miles  northwest  of  Tolicha  Peak,  is  a  semipumiceous,  brownish- 
gray  rhyolitic  glass,  with  a  few  small  phenocrysts.  Pebbles  of  black 
obsidian  occur  on  the  mesa  near  by.  Other  hills  in  the  vicinity  were 
not  visited,  but  on  the  basis  of  their  color  and  the  report  of  pros- 
pectors some  are  mapped  as  rhyolite.  Beyond  the  fact  that  the  rhyo- 
lite of  this  vicinity  is  younger  than  the  granite  and  older  than  the 
basalt,  its  age  is  unknown.  It  is  believed,  however,  that  the  differ- 
ent masses  are  portions  of  the  rhyolite  of  the  Cactus  Range  buried  by 
later  lava  flows,  and  are  in  consequence  of  early  Miocene  age. 

Biotite  andesite. — Biotite  andesite  forms  the  inlier  of  Gold  Crater 
and  several  smaller  inliers  near  by,  and  also  occurs  as  dikes  cutting 
the  rhyolite  at  Wilsons  Camp  and  the  granite  at  Trappmans  Camp. 

The  biotite  andesite  at  Gold  Crater  forms  a  group  of  low  hills 
which  protrude  above  the  basalt,  later  rhyolite,  and  later  tuffs.  It  is 
evident  that  the  andesite  flow  was  eroded  into  hills  prior  to  the  forma- 
tion of  the  younger  rocks,  and  it  is  probable  that  the  younger  rocks 
never  completely  covered  the  summits  of  these  hills,  although  liquid 
lava  dammed  up  against  their  sides.  The  biotite  andesite  here  is  for 
the  most  part  intensely  altered,  but  appears  to  have  been  originally  a 
dense  gray  rock  with  phenocrysts  equaling  the  groundmass  in  bulk. 
The  phenocrysts  are  medium  sized  and  consist  of  predominant  feld- 
spar in  laths,  biotite,  and  locally  hornblende.  Flow  banding  and 
flow  breccias  are  present.  Under  the  microscope  the  microfelsitic 
groundmass  is  rather  ill  defined,  but  seems  to  be  composed  predomi- 
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iiantly  of  plagioclase  and  orthoclaso.  The  phenocrysts  include  seri- 
citized  feldspars,  which  were  at  least  mainly  plagioclase,  biotites 
altered  to  muscovite  and  magnetite,  and  some  homblende-like  fonns  of 
serpentine  and  limonite.    \ 

The  biotite  andesite  at  Wilsons  Camp  is  a  highly  altered,  finely 
granular  rock  of  pale-greenish  color,  containing  many  phenocrysts 
of  white  altered  feldspar  and  some  of  bronze  biotite.  Probably  to  be 
correlated  with  this  rock  is  a  much  altered  greenish-gray,  finely  granu- 
lar rock  which  occurs  in  dikes  at  Trappmans  Camp.  Laths  of  altered 
feldspar,  columns  of  hornblende,  and  tiny  tablets  of  biotite  are  de- 
terminable in  the  hand  specimen.  The  microscope  shows  that  the 
much  altered  groundmass  was  probably  originally  a  glass  with  a  few 
plagioclase  laths  (hyalopilitic).  The  only  phenocrysts  recognizable 
are  large  calcitized  plagioclase  and  chloritized  biotite  and  a  few 
small,  fresh  orthoclase  tablets.  Aggregates  of  secondary  minerals 
suggest  the  presence  of  hornblende  or  pyroxene.  Apatite  and  mag- 
netite, probably  titaniferous,  are  accessory  minerals. 

The  andesite  at  Wilsons  Camp  bears  the  same  relation  to  the  rhyolite 
as  the  biotite  andesite  of  the  Cactus  Range,  and  the  two  are  doubt- 
less contemporaneous  and  of  middle  Miocene  age.  The  andesite  of 
Gold  Crater  is  much  older  than  the  latest  rhyolite.  Lithologically  it 
is  not  very  different  from  the  biotite  andesite  and  is  provisionally  cor- 
related with  it.  It  is,  however,  possible  that  it  is  the  flow  equivalent 
of  the  monzonite  porphyry  of  the  Kawich  Range. 

Middle  rhyolite, — The  middle  rhyolite,  evidently  a  flow,  is  the  pre- 
dominant formation  of  Pahute  Mesa  east  of  Thirsty  Canyon.  The 
most  widely  distributed  type  is  a  gray  or  pink  lithoidal  rhyolite,  in 
which  the  groundmass  is  exceeded  in  bulk  by  the  medium-sized  pheno- 
crysts. The  latter  include  glassy  orthoclase,  colorless  or  slightly 
smoky  quartz,  and,  usually,  biotite.  This  variety  in  many  places 
contains  small  fragments  of  a  white  pumiceous  rhyolite  and  in  con- 
sequence is  a  flow  breccia.  Other  facies  include  dense  rocks  of  red, 
brownish,  or  gray  color,  with  few  phenocrysts.  Flow  banding,  spher- 
ulites,  and  perlitic  parting  accompany  the  denser  groundma.ss  in 
much  of  the  rock.  Black  glasses  with  feldspar  phenocrysts  occur 
near  Ammonia  Tanks,  and  gray  semi  pumiceous  glasses  with  abundant 
feldspar  and  quartz  phenocrysts  are  found  on  the  east  side  of  Silent 
Canyon,  4  miles  south  of  its  mouth.  This  rhyolite  for  the  most  part 
lies  upon  the  Siebert  lake  beds  and  it  is  to  be  correlated  with  the  later 
rhyolite  of  the  Belted  Range.  It  is  presumably  of  late  Miocene  or 
early  Pliocene  age. 

Latest  rhyolite. — The  latest  rhyolite  Occurs  below  the  basalt  in  the 
vicinity  of  Stonewall  Mountain  and  probably  outcrops  in  many  other 
places  on  the  border  of  the  mesa  that  are  shown  on  the  map  as  basalt. 
It  is  interbedded  with  and  overlies  the  later  tuffs.     A  section  already 
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described  (see  p.  138)  sliows  that  there  are  two  thin  flows  of  this  rhyo- 
lite.  The  lower  flow  is  a  dense  grayish-purple  rock  containing  a 
vast  number  of  small  phenocrysts.  Under  the  microscope  the  ground- 
mass  is  seen  to  be  a  glaas  with  highly  developed  flow  lines.  The  phe- 
nocrysts all  appear  to  he  orthoclase.  The  upper  rhyolite  is  similar  to 
the  lower,  although  it  contains  slightly  larger  orthoclase  phenocrysts, 
and  in  addition  a  few  tiny  biotite  and  quartz  phenocrysts  are  visible. 
The  younger  rhyolite  of  Pahute  Mesa  and  that  of  Goldfield  hills 
are  similar  lithologic  units  occupying  like  stratigraphic  positions, 
and  without  doubt  are  contemporaneous  and  probably  of  late  Pliocene 
age. 

Basalt. — Flows  of  basalt  cover  Pahute  Mesa  northwest  of  Tolicha 
Peak,  similar  flows  extend  eastward  from  Quartz  Moimtain  to 
Thirsty  Canyon,  and  a  third  area  of  considerable  size  lies  west  of 
Timber  Mountain.  The  last-named  mass  appears  from  a  distance 
to  have  flowed  from  two  cones,  one  5  miles  northeast  and  the  other 
8  miles  southeast  of  Timber  Mountain.  Black  Mountain,  from  a  dis- 
tance, also  resembles  a  volcanic  cone,  and  the  north  peak  of  Mount 
Helen  may  have  l)een  an  ancient  vent. 

The  basalt  of  Pahute  Mesa  includes  vesicular  and  nonvesicular 
facies,  the  former  red,  the  latter  black.  In  some  of  the  basalt  white 
striate<l  feldspars,  reddish  altered  olivines,  and  black  pyroxenes  are 
prominent,  while  in  other  portions  these  phenocrysts  are  inconspicu- 
ous, Stratigraphically  the  basalts  of  Pahute  Mesa  and  of  the  Gold- 
field  hills  have  identical  positions  and  they  are  considered  of  late 
Pliocene  age. 

STKUOTXTRE. 

Pahute  Me«ia  northwest  of  Tolicha  Peak  is  capped  by  lava  flows, 
which  dip  gently  in  all  directions  from  a  center  5  miles  southwest  of 
Mount  Helen.  The  only  structural  feature  of  interest  in  this  portion 
of  the  mesa  is  the  slight  rise  of  the  lava  sheets  as  they  approach  the 
older  hill  groups,  well  seen  at  Gold  Crater  and  on  the  southeastern 
face  of  Stonewall  Mountain.  A  similar  gentle  dome  is  present  in  the 
mesa  between  Quartz  Mountain  and  Thirsty  Canyon,  but  eastward 
from  the  canyon  the  mesa  gradually  rises,  owing  probably  to  compar- 
atively recent  uplifts  of  the  Kawich  and  Belted  ranges.  In  this  por- 
tion of  the  mesa  normal  faults  w^ith  north-south  strike,  few  of  w  hich 
have  a  displacement  of  over  50  feet,  are  common.  Although  of  late 
Tertiary  age,  these  faults  do  not  exhibit  fault  scarps,  since  erosion  has 
planed  down  the  upthrown  side.  In  some  instances,  however,  the 
down  thrown  side,  being  more  resistant,  is  now  a  scarp. 

EOOKOMIC  GEOLOGY. 

Three  mining  camps  are  situated  in  Pahute  Mesa — Trappmans 
Camp,  Wilsons  Camp,  and  Gold  Crater. 
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TRAPPMANS  CAMP. 


Trappmans  Camp  lies  M  miles  south  of  east  of  Goldfield.  The 
veins  were  discovered  by  Hermann  Trappman  and  John  Gabbard  in 
June,  1904,  and  at  the  time  of  the  writer's  visit  a  year  later  five  men 
were  opening  up  the  veins,  the  chief  development  l)eing  a  shaft  50 
feet  deep. 

The  prospects  are  in  granite,  and  three  distinct  periods  of  vein 
formation  were  noted — first,  quartz  lenses  probably  of  pegmatitic 
origin;  second,  quartz  veins  of  distinctly  later  formation,  which  in 
one  place  are  said  to  cut  a  rhyolite  dike;  and,  third,  quartz  veins  of  a 
third  generation  which  cut  the  second.  (See  fig.  14.)  The  latest 
veins  are  in  places  well  crustified. 

The  pegmatitic  quartz  forms  bodies  varying  from  minute  stringers 
in  the  granite  to  lenses  one-fourth  mile  long  and  40  feet  wide.  The 
quartz   is   hard   and   whitish,   and   in   some   places   it   is  intensely 


»6feet 


ITU^    I  Earlier  quartz  veins 

Later  quartz  veins  Iron-stained  fractures 

Fio.  14. — Second  and  third  systems  of  quartz  veins  In  granite  at  Trappmans  Camp.  a5 

exposed  on  face  of  Incline. 

brecciated  and  stained  by  limonite.  It  is  said  to  carry  silver  and  gold 
values. 

The  quartz  veins  of  the  second  class  have  sharp  contacts  with  the 
granite.  These  veins  are  exceedingly  common  in  the  vicinity  of 
Trappmans  Camp  and  vary  widely  in  strike  and  dip.  In  limited 
ureas  they  tend  to  form  series  of  veins  along  parallel  joint  planes  in 
the  granite.  In  width  the  veins  vary  from  an  inch  or  less  to  a  foot 
or  more,  and  some  of  the  parallel  series  are  a  number  of  feet  thick, 
locally  these  veins  are.  faulted,  as  indicated  by  the  presence  of  brec- 
cias, while  the  surrounding  granite  shows  considerable  differential 
movement.  The  quartz  is  slightly  bluish,  but  is  usually  heavily 
stained  red  or  brown  by  hematite  and  limonite.  Vugs  elongated 
parallel  to  the  direction  of  the  veins  are  sometimes  seen.  On  en- 
countering the  pegmatitic  lenses,  in  the  one  instance  noted,  these 
veins  are  deflected  downward. 

The  veins  of  the  third  class  are  of  later  origin  than  those  of  the 
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?ecx>nd,  which  they  cut.  As  a  rule  tliey  are  more  narrow  and  less 
continuous  and  dip  more  steeply  than  the  veins  of  the  second  class. 
In  places  they  curve  sharply.  The  quartz  in  them  is  similar  to  that 
in  the  second  group. 

In  the  vicinity  of  the  vein  the  granite  is  cut  by  partings  stained  by 
limonite  and  manganese  dioxide,  which  are  parallel  to  or  join  the 
quartz  veins  at  low  angles,  and  the  surrounding  kaolinized  granite 
is  said  to  carry  values.  The  granite  near  the  veins  is  in  places  thickly 
peppered  with  cubes  of  pyrite  altered  to  limonite. 

The  ore  of  the  two  younger  sets  of  veins  so  far  encountered  is 
practically  all  oxidized,  although  a  little  original  galena  remains.  The 
predominant  original  sulphide  was  pyrite,  and  limonite  cubes  after 
pyrite  are  common  in  the  quartz.  Assays  show  the  values  to  be  in 
the  proportion  of  one  of  gold  to  four  of  silver.  Some  silver  chloride 
was  noted,  while  secondary  native  silver  is  reported.  In  one  pros- 
pect calcite  is  associated  as  a  gangue  with  quartz. 

While  the  quartz  of  the  first  set  of  veins  is  of  pegmatitic  origin, 
its  mineralization  is  probably  later  and  genetically  connected  with 
the  filling  of  the  fissures  of  the  second  set,  probably  in  Tertiary  time. 
After  the  veins  of  the  second  system  were  fractured  another  period 
of  mineralization  followed,  i)erhaps  in  late  Tertiary  time.  Later  the 
veins  were  crushed  and  surface  waters  have  more  or  less  completely 
oxidized  the  sulphides. 

Wood  and  water  are  hauled  from  Antelope  Springs,  about  9  miles 
away.     Trappmans  Camp  is  40  miles  by  road  from  Goldfield. 

WILSONS   CAMP. 

Wilsons  Camp  is  2  miles  north  of  Trappmans  Camp  and  was  dis- 
covered in  May,  1904.  Five  miners  were  employed  in  July,  1905, 
and  at  that  time  several  shallow  shafts  and  short  tunnels  were  oi)en. 
The  country  rocks,  white  altered  rhyolite  and  biotite  andesite,  are 
cut  by  rather  steeply  dipping  quartz  veins,  the  majority  of  which 
strike  northeast,  although  some  strike  east.  The  quartz  veins,  many  of 
which  are  crustified,  are  characterized  by  quartz-lined  vugs.  Since 
its  formation  the  quartz  has  in  some  instances  l)een  crushed. 
Limonite  and  less  commonly  malachite  stain  the  quartz.  The  re- 
ported assay  values  run  from  $110  to  $180  per  ton  and  average  one 
of  gold  to  five  or  six  of  silver.  These  quartz  veins  are  to  be  corre- 
lated with  the  veins  of  Silverbow.  The  economic  conditions  at 
Wilsons  Camp  are  similar  to  those  at  Trappmans. 

GOLD   CRATER. 

The  mining  camp  of  Gold  Crater  is  situated  10  miles  east  of  the 
summit  of  Stonewall  Mountain.     The  first  locations  were  made  in 


Digitized  by  VjOOQIC 


140  SOUTHWESTERN    NEVADA   AND    EASTERN    CALIFORNIA. 

May,  IIXU.  In  tlie  fall  of  1904  several  hundred  i>eople  rushed  t6 
the  camp,  but  few  remained  long.  At  the  time  of  the  writer's  visit 
(July  T,  1905)  a  number  of  lessees  were  at  work.  The  country  rock, 
siiicified  and  kaolinized  biotite  andesite,  has  been  fractured  and  in 
many  places  faulted  and  brecciated.  The  intensely  silicified  ande- 
site is  a  white  or  gray  rock  with  conchoidal  fracture.  In  some 
instances  it  is  porous  through  the  removal  of  the  phenocrysts  and  in 
others  the  casts  have  been  filled  by  milky  quartz.  The  iron-stained 
outcrops  are  very  rugged,  since  silicification  and  consequently  the 
resistance  of  the  rock  to  erosion  are  very  irregular  throughout  the 
mass.  Under  the  microscope  this  silicified  facies  is  seen  to  be  a 
medium  to  very  fine  mosaic  of  quartz  and  some  chalcedony,  with  here 
and  there  a  blotch  of  limonite.  No  phenocrysts  remain,  although  a 
few  sagenitic  Avebs  of  rutile  suggest  the  former  presence  of  biotite. 
By  kaolinization  the  rock  is  reduced  to  a  chalky  mass,  in  which  biotite 
l)henocrysts,  altered  to  a  silvery  mica,  alone  are  visible.  It  is  in- 
tensely stained  by  limonite  and  hematite,  especially  along  fractures, 
and  from  such  places  rich  gold  pannings  are  obtained.  A  little 
chrysocoUa  was  observed  along  some  joints,  while  a  thin  coating  of 
hyalite  has  been  deposited  since  the  oxidation  of  the  sulphides.  The 
ore  is  said  to  run  from  $40  to  $240  in  gold  per  ton. 

Waters  carrying  silica  and  metallic  salts  in  solution  appear  to  have 
ascended  along  faults,  brecciated  zones,  and  joints  in  the  country  rock 
and  to  have  deposited  silica,  pyrite,  and  some  copper  sulphide.  Later 
surface  waters  oxidized  the  sulphides  and  set  the  gold  free.  The 
original  deposition  was  without  much  doubt  an  impregnation  of  tli^ 
country  rock,  as  is  the  case  Avith  the  secondary  minerals.  There  is  a 
notable  resemblance  between  these  deposits  and  those  of  Kawich  and 
certain  of  those  of  (loldfield. 

Gold  Crater  derives  its  water  supply  from  tanks  on  the  basalt  masa 
and  from  two  wells,  8  and  9  miles  distant.  Fuel  for  mining  purposes 
is  obtainable  from  Stonewall  Mountain.    Goldfield  is  27  miles  distant. 

OTHER   AREAS. 

Some  of  the  pegmatitic  quartz  in  the  granite  5  miles  north  of  west 
of  Whiterock  Spring  is  stained  by  limonite,  but  no  other  indication  of 
mineralization  was  noted.  It  is  probable  that  some  of  the  masses  of 
the  older  Tertiary  volcanic  rocks  protruding  through  the  later  lava 
flow  are  worthy  of  prospecting,  but  such  were  not  observed  in  the 
course  of  the  present  work.  Prospecting  in  Pahute  Mesa  can  be  most 
advantageously  pursued  in  the  winter  or  early  spring,  when  water 
can  bo  obtained  from  snow  or  the  tanks. 
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TOLICHA  PEAK  AND  QUARTZ  MOUNTAIN. 
TOFOOKAFHY  AVD  GSOGKAFHY. 

Tolicha  Peak,  a  striking  cone  rising  from  Pahute  Mesa,  is  a  land- 
mark for  miles.  Quartz  Mountain,  a  somewhat  lower  east-west 
ridge,  extends  eastward  from  Tolicha  Peak.  The  hills  are  bare,  except 
for  a  sparse  growth  of  desert  shrubbery.  Monte  Cristo  Springs,  on 
the  western  slope,  furnish  sufficient  water  for  15  to  20  head  of  stock. 

6EHEBAL  OB0L06Y. 

llie  formations  of  these  mountains  from  tlie  base  up  are  Cam- 
brian (l)  schist,  post -Jurassic  granite,  Tertiary  rhyolite,  and  Ter- 
tiary basalt. 

SEDIMENTARY    ROCKS. 

Cambrian  {?)  schist. — The  hill  2^  miles  southeast  of  Tolicha  Peak 
appears  greenish  gray  in  color  at  a  distance,  and  is  probably  formed 
of  a  bluish-gray  schistose  rock  which  occurs  abundantly  in  the  desert 
gravels  to  the  south  of  this  hill.  The  rock  is  very  fine  grained,  except 
for  some  small  crystals  of  biotite  and  hornblende.  White,  ellipsoidal 
areas  1  inch  long  spot  the  blue-gray  rock.  Under  the  microscope  the 
groundmass  api>ears  as  an  exceedingly  fine  aggregate  of  quartz  and 
feldspar,  in  which  are  embedded  small  areas  of  quartz,  orthoclase, 
ragged  hornblende,  and  biotite.  The  rock  is  probably  a  metamor- 
phosed Paleozoic  shale,  possibly  of  Cambrian  age. 

IGNEOUS   ROCKS. 

A  specimen  of  rhyolite  from  Tolicha  Peak  collected  by  Mr.  S.  G. 
Benedict  contains  an  inclusion  of  gi'ay  granite  of  medium  grain. 
Post-Jurassic  granite  probably  underlies  this  peak. 

Rhyolite  forms  Tolicha  Peak  and  the  east  side  of  Quartz  Moun- 
tain. The  predominant  type  is  a  dense  flinty  rock  of  reddish  color 
with  a  few  small  phenocrysts  of  glassy  feldspar,  quartz,  and  biotite. 
Flow  lines,  perlitic  parting,  and  spherulites  are  well  developed. 
Gray  glassy  facies,  transparent  in  thin  flakes,  are  interbedded  with 
this  type,  as  are  white  or  light-gray  incoherent  facies  in  Avhich  the 
phenocrysts  are  abundant  and  equal  the  groundmass  in  bulk.  Flow 
breccias  are  rather  common.  This  rhyolite  is  probably  alx)ut  con- 
temfKjraneous  with  the  earlier  rhyolite  of  the  Kaw  ich  Range  and  is 
presumably  of  early  Miocene  age. 

Prior  to. the  extrusion  of  the  basalt  which  covers  Pahute  Mesa 
(see  p.  137)  Tolicha  Peak  was  eroded  into  a  rugged  mountain.  The 
valley  between  Tolicha  Peak  and  Obsidian  Butte  is  upon  the  contact 
between  the  rhyolite  and  basalt. 
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8TBU0TU&E. 

The  rhyolite  of  Tolicha  Peak  is  complexly  cut  by  normal  faults 
with  displacements  of  10  to  50  feet.  These  faults  in  some  places 
are  less  than  100  yards  apart.     The  rhyolite  is  also  intensely  jointed. 

BOONOMIO  OBOLOOY. 

The  rhyolite  around  Monte  Cristo  Springs  is  kaolinized  or  silici- 
fied.  Prosi)ect  holes  are  located  on  quartz  veins  in  altered  rhyolite, 
the  ore  being  quartz  and  silicified  rhyolite  stained  by  limonite. 
Quartz  Mountain  Camp,  on  the  northern  slope  of  Quartz  Mountain, 
was  not  visited,  but  the  conditions,  according  to  the  repoits  of  pros- 
pectoi"s,  are  similar  to  those  at  Monte  Cristo  Springs.  The  altered 
masses,  which  resemble  those  of  Silverbow  and  are  faulted  like  those 
of  Bullfrog,  are  outlined  on  the  economic  map  (fig.  4,  p.  43). 

MOUNTAINS  SOUTHEAST  OP  PAHUTB  MESA. 

Southeast  of  Pahute  Mesa  are  a  number  of  small  groups  of  moun- 
tains with  crest  lines  of  varying  trend,  although  a  number  have  an 
eastward  extension.  These  include  Shoshone,  Skull,  Yucca,  Timber, 
and  Bare  mountains  and  the  Specter  Range.  Geologically  they  are 
characterized  by  the  important  development  of  the  early  Miocene 
rhyolite. 

SHOSHONE  AND  SKULL   MOl  NTAIN8  AND  THE   HILLS  IN  THE  VICINITY. 
T0P06KAFHY  AKB  OSOOKAFHY. 

Shoshone  and  Skull  mountains  lie  to  the  north  of  the  Specter  Range 
and  the  Skeleton  Hills  and  to  the  east  of  Fortymile  Canyon.  Sho- 
shone Mountain  is  joined  to  the  Belted  Range  by  a  low  gap,  but  from 
its  east-west  trend  it  more  properly  belongs  with  the  other  ridges  in 
the  vicinity.  Shoshone  (7,540  feet)  and  Skull  (6,100  feet)  mountains 
are  each  capped  by  horizontal  lava  flows,  and  in  consequence  from  a 
distance  appear  as  mesas.  The  other  hills  and  ridges  vary  in  form 
from  the  jagged  ridges  of  Carboniferous  rocks  to  the  smooth  de- 
pressed domes  of  the  Siebert  lake  beds.  The  various  ridges  and  hills 
are  in  many  instances  separated  from  one  another  by  opposed  valleys 
which  are  filled  with  desert  gravels. 

A  fairly  heavy  growth  of  juniper  and  pifion  is  found  on  the  north 
slope  of  Shoshone  Mountain  above  Tippipah  Spring,  but  other  por- 
tions of  this  mountain  and  the  other  ridges  are  bare  except  for  sparse 
groves  of  the  tree  yucca  and  here  and  there  a  Spanish  bayonet  ( Yucca 
(doifolia?).  Scarcely  a  spear  of  grass  grows  throughout  these  hills. 
Of  the  four  springs  in  these  hills.  Cane  Spring  flows  about  1,500  gal- 
lons a  day;  Tippipah  contains  from  50  to  100  gallons  of  standing 
water:  Topopah  (or  Blackrock)  flows  from  15  to  25  gallons  a  day, 
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and  the  fourth,  which  lies  4  miles  south  of  Ca«e  Spring,  is  small  and 
is  dry  in  summer. 

6SVS&AL  6I0L0OY. 

The  formations  of  these  hills,  from  the  oldest  to  the  youngest,  are 
the  following:  Carboniferous  (Pennsylvanian)  sedimentary  rocks, 
quartz-monzpnite  porphyry,  earlier  rhyolite,  Siebert  lake  beds,  later 
rhyolite,  and  basalt. 

SEOIMENTABY   ROCKS. 

Pennsylvanian  limestone, — Pennsylvanian  limestone  forms  the  ridge 
to  the  northeast  of  Tippipah  Spring  and  the  northern  face  of  the 
ridge  northwest  of  Yucca  Pass.  A  third  area  of  limestone,  6  miles 
south  of  Tippipah  Spring,  outcrops  between  the  desert  gravels  below 
and  the  later  rhyolite  above.  Limestone  pebbles  are  abundant  in  the 
Siebert  lake  beds,  and  small  inclusions  occur  in  the  quartz-monzonite 
porphyry  and  the  earlier  rhyolite.  This  limestone  is  shnilar  to  that 
of  the  Belted  Range.     (See  p.  121.) 

Siebert  lake  beds, — Siebert  lake  beds  form  the  northern  and  north- 
eastern faces  of  Shoshone  Mountain,  rim  the  southern  edge  of  Skull 
Mountain,  and  cover  areas  4  miles  southeast  of  Tippipah  Spring 
and  4  miles  south  of  Cane  Spring.  Somewhat  over  1,000  feet  of  lake 
beds  are  exposed  on  the  north  side  of  Shoshone  Mountain,  a  section 
being,  as  follows : 

Section  on  north  side  of  Shoshone  Mountain, 

Feet. 

White  (locally  yellow  through  iron  stains),  flne-grainetl,  incoherent,  im- 
pure sandstone.  Bedding  planes  near  the  base  100  feet  apart.  Crystals 
of  blotite,  glassy  feldspar,  and  quartz  occur  in  upper  200  feet.  Some 
bands  contain  pebbles  of  glassy  rhyolite  less  than  3  inches  in  diameter.      650 

Same,  but  without  the  small  crystals.  Some  pink  layers.  Bedding 
planes  well  developed  from  40  feet  to  1  foot  or  less  apart.  Pebbles  of 
glassy  rhyolite  up  to  3  inches  in  diameter  oofur  in  certain  beds 100 

Same,  with  pebbles  of  Carboniferous  limestones  and  quartzites  one- 
fourth    inch   in   diameter 200 

Same,  with  abundant  crystals  of  biotite,  glassy  feldspar,  and  quartz. 
Pebbles  up  to  4  inches  in  diameter,  largely  of  glassy  or  semipumi- 
ceous    rhyolite 100 

In  other  areas  these  sediments  are  more  brilliantly  colored,  pinks 
and  reds  not  being  unusual.  The  bowlders  of  the  conglomeratic 
beds  in  some  instances  reach  a  diameter  of  5  feet.  In  addition  to 
the  pebbles  already  mentioned,  others  are  present  of  quartz-monzonite 
porphyry,  the  earlier  rhyolite,  and  a  vesicular  basalt.  The  basalt 
was  not  seen  in  place,  but  is  i)erhaps  contemporaneous  with  the 
earlier  rhyolite  and  conesponds  to  the  earlier  basalt  of  the  Amar- 
gosa  Range.  The  Siebert  lake  beds,  which  characteristically  form 
depressed  domes,  break  down  readily  into  a  sand.  Huge  globular 
cavities,  due  in  part  to  exfoliation  and  in  part  to  wind  erosion,  and 
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pillars  capped  and  protected  by  huge  lK)wlders  add  fantastic  ele- 
ments to  many  hills.  Joints  affect  only  the  minor  topographic  fea- 
tures. In  certain  instances  silicification  has  followed  joints  and 
chalcedony  has  been  deposited  in  their  fractures.  Such  joints,  being 
resistant,  weather  in  relief. 

The  Siebert  lake  beds  api)ear  to  have  been  deposited  in  a  lake  of 
some  depth,  to  which  nmch  fragmental  material  was  carried.  The 
size  of  the  material  varied  considerably  from  time  to  time,  the  varia- 
tion in  coarseness  l)eing  an  expression  in  part  of  the  depth  of  the 
lake  and  in  part  of  the  topography  of  the  lake  shores.  Much  of  the 
material  was  derived  from  disintegrating  rhyolite,  but  at  times  there 
were  apparently  also  explosive  rhyolitic  eruptions,  which  threw  into 
Ihe  lake  many  small  crystals  of  biotite,  feldspar,  and  quartz.  The 
sediments  on  Shoshone  Mountain  overlie  the  quartz-monzonite  por- 
])hyrv  and  earlier  rhyolite  unconformably  and  are  ov^erlain  appar- 
ently conformably  by  later  rhyolite,  while  on  Skull  Mountain  the 
basalt  overlies  them  unconformably.  They  are  without  much  doubt 
to  be  correlated  with  the  Siebert  lake  beds  at  Tonopah  "  of  Miocene 
age. 

IGNEOUS   ROCKS. 

Quartz-monzonite  porphyry, — Quartz-monzonite  porphyry  is  the 
pi'edominant  formation  in  the  hills  to  the  east,  north,  and  northeast 
of  Cane  Spring.  The  texture  of  the  rock  indicates  that  it  was  prob- 
ably intruded  in  older  rocks,  which  are,  however,  not  at  present 
exposed. 

The  quartz-monzonite  porphyry  has  a  gray  or  greenish-gray,  finely 
crystallized  or  lithoidal  groundmass,  which  is  somewhat  subordinate 
in  bulk  to  the  phenocrysts.  The  latter  include  feldspar,  usually 
altered  but  in  rare  instfuices  fresh  and  then  clearly  striated;  biotite, 
fresh  to  altered,  and  serpentinized  hornblende.  In  many  cases  horn- 
blende is  very  subordinate  to  biotite.  The  feldspars  reach  a  niaxi- 
nnnn  length  of  one-fourth  inch;  the  other  phenocrysts  are  slightly 
smaller.  The  microscope  shows  that  the  rock  is  a  quartz-monzonite 
porphyry  almost  approaching  gi'anodiorite  porphyry.  The  ground- 
mass  consists  usually  of  a  microgranitic,  but  over  small  areas  niicro- 
|>egmatitic  mosaic  of  orthoclase,  quartz,  and  a  little  plagioclase.  The 
plagioclase  phenocrysts,  complex  crystals,  are  usually  twinned  accord- 
ing to  the  Carlsbad  law  and  many  of  them  are  zonally  built.  One 
determination  proved  this  mineral  to  be  basic  andesine.  A  few  phe- 
nocrysts of  quartz,  deeply  embayed  by  magmatic  corrosion,  and  of 
orthoclase  are  also  present,  in  addition  to  the  phenocrysts  micro- 
scopically determined.  Magnetite,  zircon,  and  apatite  are  present  as 
accessory  minerals.     The  secondary  minerals  include  kaolin  and  epi- 

«•  Spurr,  J.  B.,  Prof.  Paper  U.  S,  (Jeol.  Survey  No.  42,  1905,  p.  54. 
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dote  after  the  feldspars,  chlorite  and  epidote  after  biotite,  and  pseudo- 
morphs  of  serpentine  after  hornblende  or  possibly  augite. 

The  rock  resembles  lithologically  and  in  its  stratigraphic  position 
the  monzonite  porphyry  of  the  Kawich  Range,  and  the  two  rocks 
are  doubtless  approximately  contemporaneous.  Each  is  strikingly 
similar  to  the  quartz-monzonite  porphyry  of  Stonewall  Mountain. 
The  porphyry  of  Skull  Mountain  and  that  of  the  Kawich  Range  are 
older  than  a  rhyolite,  which  is  supposed  to  be  of  early  Miocene  age. 
The  quartz-monzonite  porphyry  also  closely  resembles  rocks  which 
on  the  western  border  of  the  area  surveyed  appear  to  be  a  variant  of 
tlie  post-Jurassic  granite  magma.  While  it  is  possible  that  they  are 
pre-Tertiary  in  age  they  are  here  tentatively  assigned  to  the  late 
Eocene. 

Earlier  rhyolite. — ^The  earlier  rhyolite  and  its  kaolinized  and  iron- 
stained  alteration  products  form  the  Calico  Hills,  remarkable  for 
their  brilliant  pink,  red,  and  white  coloring.  A  number  of  smaller 
areas  lie  in  the  group  of  hills  in  which  the  Horn  Silver  mine  is  situ- 
ated, and  some  of  the  rhyolite  to  the  west  of  Yucca  Pass  may  pos- 
sibly l)elong  to  the  earlier  series. 

The  earlier  rhyolite  includes  a  number  of  facies,  most  of  which 
are  characterized  by  abundant  phenocrysts  that  equal  or  exceed  the 
groundmass  in  bulk.  The  groundmass  is  white  or  gray  in  color 
and  is  usually  dense.  The  phenocrysts  are  of  medium  size.  Tabu- 
lar crystals  of  glassy  unstriated  feldspar  and  rounded  grains  of 
slightly  smoky  quartz  are  much  more  abundant  than  the  somewhat 
smaller  hexagonal  plates  of  black  mica.  Other  facies  are  black 
glasses  with  perlitic  parting,  but  without  phenocrysts,  and  gray 
glasses  with  a  few  quartz  phenocrysts.  The  rock  is  a  flow,  since  cer- 
tain beds  show  distinct  flow  banding  and  others  contain  many  frag- 
ments of  rhyolites  and  are  evidently  flow  breccias. 

The  earlier  rhyolite  appears  to  lie  upon  the  uneven  surface  of 
the  quartz-monzonite  porphyry.  The  later  rhyolite  apparently  over- 
lies the  earlier,  while  pebbles  of  the  earlier  rh>^lite  are  contained  in 
the  Siebert  lake  beds.  The  same  relations  exist  in  the  Kawich  Range, 
and  the  earlier  rhyolites  of  the  two  ranges  are  doubtless  approxi- 
mately contemporaneous  and  of  early  Miocene  age. 

Later  rhyolite, — The  later  rhyolite  flow  overlies  the  Siebert  lake 
l^eds  on  Shoshone  Mountain,  while  several  small  masses  to  the  south 
of  Cane  Spring  cap  the  same  formation.  In  the  latter  locality  the 
former  extension  of  the  rhyolite  was  much  greater  and  the  south- 
ward-dipping flow  of  the  Shoshone  Mountain  may  at  one  time  have 
been  connected  with  it.  The  rhyolites  west  of  Yucca  Pass  are,  from 
their  lithologic  character  and  relation  to  the  Siebert  lake  beds,  prob- 
ably to  l)e  correlated  with  the  later  rhyolite, 
Pull.  308—07  u IQ 
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Southwest  of  Tippipah  Spring  275  feet  of  the  later  rhyolite  over- 
lies the  Siebert  lake  beds,  while  near  the  center  of  Shoshone  Moun- 
tain about  1,500  feet  of  rhyolite  is  exposed.  At  the  first  locality  the 
lower  250  feet  is  a  dense  brownish-pink  rock  with  sparse  and  small 
phenocrysts  of  glassy  feldspar,  biotite,  and  quartz.  Some  flow  bands 
are  purple  or  gray  in  color,  others  are  vesicular,  and  still  others 
carry  numerous  small  inclusions  of  rhyolite,  and  are  in  consequence 
flow  breccias.  Vertical  columnar  joints,  originating  during  the  cooling 
of  the  magma,  are  not  unusual.  The  broadest  columns  are  4  feet  in 
diameter.  Above  this  is  15  feet  of  a  black  glass,  in  which  the  pheno- 
crysts exceed  the  groundmass  in-bulk.  This  in  turn  is  overlain  by  10 
feet  of  rhyolite  like  that  first  described,  except  that  the  phenocrysts 
are  larger  and  more  numerous.  In  it  are  thin  bands  of  the  black 
glassy  variety.  At  the  south  end  of  Shoshone  Mountain  similar  facies 
occur,  and  in  some  of  these  the  flow  banding  is  strongly  developeu. 
the  flow  lines,  as  a  rule,  being  straight,  although  in  places  wavy. 

The  later  rhyolite  south  of  Cane  Spring  is  a  yellowish^brown  rock 
with  lithoidal  or  chalky  groundmass,  which  is  equal  in  bulk  to  the 
phenocrysts.  These  include  medium-sized  glassy  unstriated  feldspar 
and  slightly  smoky  quartz,  together  with  abundant  but  tiny  biotite 
phenocrysts.  The  rhyolites  west  oi  Yucca  Pass  are  waxy-lustered 
glasses  and  well-banded,  phenocryst-rich  flow  breccias  of  purplish 
color.     In  the  latter  gray  spherulites  occur. 

The  later  rhyolite  ordinarily  forms  buttes  and  mesas,  since  the 
various  flow  bands  vary  considerably  in  resistance  to  erosion.  Like 
the  later  rhyolite  of  the  Kawich  Range,  the  later  rhyolite  of  these  hills 
overlies  the  Siebert  lake  beds.  The  two,  which  are  rather  similar 
lithologicaly,  are  probably  about  contemporaneous  and  are  of  late 
Miocene  or  early  Plipcene  age. 

Basalt, — A  basalt  flow  caps  Skull  Mountain,  a  number  of  small 
areas  occur  to  the  east  of  the  Calico  Hills  and  to  the  west  of  the  Hom 
Silver  mine,  while  three  small  hills  lie  4  miles  east  of  the  iron  tank 
in  Fortymile  Canyon.  Basalt  also  occurs  between  Fortymile  Can 
yon  and  Shoshone  Mountain.  It  is  a  dense  black  or  dark-gray  rock 
with  sparse  phenocrysts  of  glassy  striated  feldspar  and  slightly 
altered  glassy  olivine.  Both  the  vesicular  and  nonvesicular  facies 
previously  described  in  other  ranges  occur.  The  nonvesicular  basalt 
weathers  into  spheroidal  masses,  while  the  vesicular  facies  usually 
break  down  into  slabs  which  are  elongated  parallel  to  the  flow  band- 
ing. A  single  thin  section  of  a  dense,  slightly  vesicular  facies  proved 
on  microscopic  examination  to  be  composed  of  dark  glass  containing 
many  laths  of  a  calcic  plagioclase  and  grains  and  partial  crystals  of 
olivine  more  or  less  altered  to  reddish-brown  serpentine. 

On  Skull  Mountain  the  basalt  lies  upon  the  eroded  surface  of  the 
Siebert  lake  beds,  while  in  the  low  isolated  hills  4  miles  east  of  the 
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iron  tank  it  appears  to  overlie  the  later  rhyolite.  It  is  without  doubt 
the  youngest  formation  of  these  hills,  and  is  probably  of  late  Pliocene 
or  early  Pleistocene  age. 

STBTJGTTJES. 

The  Pennsylvanian  limestone  is  folded  into  rather  open  folds,  the 
dips  of  which  rarely  exceed  45°.  The  predominant  axes  trend  from 
northeast  to  southwest,  although  minor  folds  with  east- west  axes  also 
occur.  The  ridge  to  the  northeast  of  Tippipah  Spring  is  synclinal 
in  structure.  The  Pennsylvanian  rocks  appear  to  have  had  a  rather 
uneven  surface  prior  to  the  deposition  of  the  Siebert  lake  beds.  Not 
only  do  many  of  the  lake  beds  contain  large  bowlders  of  limestone,  but 
west  of  Tippipah  Spring  a  number  of  hillocks  of  the  older  limestone 
protrude  through  the  Tertiary  sediments. 

In  a  broad  way  the  Siebert  lake  beds  and  the  later  rhyolite  are 
slightly  flexed  and  the  beds  on  Shoshone  Mountain  dip  gently  to  the 
south.  Normal  faults  of  50  feet  displacement  are  not  unusual  in  the 
tuffs.  The  latest  deformation  is  that  of  the  basalt.  On  Skull  Moun- 
tain it  dips  gently  to  the  south,  while  on  the  ridge  to  the  east  it  dips 
with  a  similar  angle  to  the  north,  the  two  blocks  being  separated  by 
a  north-south  fault. 

EOONOMIO  GEOLOGY. 

Tlie  quartz-monzonite  porphyry  and  the  earlier  rhyolite  have  been 
silicified  and  kaolinized  in  restricted  areas,  the  silicification  being 
comparable  to  the  alterations  in  the  vicinity  of  Kawich  and  the  kaolin- 
ization  to  those  of  Silverbow.  These  areas,  which  are  worthy  of  pros- 
pecting are  delineated  in  fig.  4  (p.  43).  The  quartz-monzonite  por- 
phyry near  the  Horn  Silver  mine  has  not  only  been  altered  to  a  spongy 
mass  of  brownish-gray  silicified  porphyry  like  that  of  Kawich,  but  it 
is  cut  by  quartz  stringers  with  associated  gypsum.  Other  veins  and 
irregular  cavities  are  partially  filled  with  chalcedony,  which  in  turn 
is  incrusted  by  quartz  crystals.  The  rhyolite  of  the  Calico  Hills  has 
been  in  places  intensely  silicified.  The  silicified  rhyolite  2  miles  north 
of  the  Horn  Silver  mine  is  cut  by  thin  quartz  seams.  A  similar  yel- 
low stain  (a  basic  ferric-alkali  sulphate?)  to  that  noted  near  the 
prospects  at  Silverbow  is  present  on  joint  surfaces. 

SPECTER   RANGE    AND    SKELETON    HILLS. 
TOPOGRAPHY  AKB  GEOGRAPHY. 

The  hills  in  the  southeast  corner  of  the  area  surveyed  may  be  con- 
sidered as  the  westward  extension  of  the  irregidar  Spring  Mountain 
Range.  They  consist  of  a  numl)er  of  mountains  and  hills  now  iso- 
lated from  one  another  by  narrow  canyons  and  broad  valleys  filled 
with  desert  gravels.  The  ridges  and  hills  are  rugged  and  sharp  and 
are  crowned  by  many  peaks.     The  highest  point  (5,800  feet  above 
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sea  level)  is  in  the  southeast  corner  of  the  area.  The  presence  of 
many  inlying  hills  near  by  indicates  that  those  portions  of  the  old 
mountain  mass  partially  buried  by  desert  gravels  possessed  an  equally 
dissected  topography.  A  majority  of  the  hills  are  elongated  parallel 
to  the  strike  of  the  l^aleozoic  rocks.  West  of  the  road  between  Cane 
Sprmg  and  Ash  Meadows  ridges  with  northeasterly  trend  predomi- 
nate, and  east  of  the  road  lie  irregular  massive  groups  of  hills.  The 
hills  stop  abruptly  along  a  north-south  line  east  of  Fortyniile  Can- 
yon, and  prior  to  the  inwash  of  detrital  material  this  canyon  must 
have  been  a  strikingly  prominent  topographic  feature.  The  hills  are 
bare  of  timber  and  destitute  of  springs. 

OEKBRAL  OEOLOOT. 

The  formations  of  these  hills,  from  the  oldest  to  the  youngest,  are 
Prospect  Mountain  (juartzite,  Prospect  Mountain  limestone,**  and 
Imsalt. 

HKDIMENTARY    ROCKS. 

Prospect  Mountain  quart zite, — Two  areas  of  quartzite,  one  large 
and  the  other  small,  cover  20  square  miles  near  Point  of  Rocks.  The 
formation,  2,000  to  5^,000  feet  thick,  underlies  the  Prospect  Mountain 
limestone  conformably,  with  transitional  beds  between  the  two.  The 
rock,  either  a  quartzite  or  an  indurated  sandstone,  varies  in  color 
from  gray  to  purplish  red  and  in  grain  from  fine  quartzite  to  con- 
glomerates, with  pebbles  one-fourth  inch  in  diameter.  The  i^eb- 
bles  include  white  quartzite,  red  and  brown  jasi:)eroid,  and  white, 
smoky,  or  opalescent  quartz  of  vein  or  pegmatitic  origin.  The  rocks 
are  rather  constantly  impure  and  grade  through  arkoses  into  minor 
beds  of  red  and  green  slaty  shale.  The  coarse-grained  arkone  re- 
sembles granite  on  first  sight.  The  quartzite  is  usually  considerably 
jointed. 

This  rock  appears  to  have  l>een  deposited  in  a  comparatively  shal- 
low sea,  to  which  much  fragmental  material  was  carried.  From  its 
position,  conformably  beneath  Cambrian  limestone,  this  quartzite  is 
undoubtedly  to  be  correlated  with  the  Prospect  Mountain  quartzite,* 
of  loAver  Cambrian  age. 

Pronpect  Mountain  limestone, — The  Prospect  Mountain  limestone 
is  the  predominant  rock  of  the  Specter  Range  and  the  Skeleton  Hills. 
It  is  typically  light  to  dark  gray,  compact,  crystalline,  and  fine 
grained.  Some  beds  have  a  conchoidal  fracture  and  are  almost  as  com- 
pact and  fine  grained  as  lithographic  limestone.  Pinkish  gray  vari- 
eties of  medium  grain  also  occur,  but  are  rather  unusual.  Cross-bed- 
ding is  observed  in  places.  The  beds  are  typically  massive,  although 
<ertjiin  horizons  are  thin  bedded.     On  weathering  the  various  l)eds 

"  S»'0  nolo,   !>.  US. 
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assume  red,  yellow,  and  gray  colors  of  varying  tints,  rendering  the 
mountain  structure  legible  at  great  distances.  Near  the  middle  of  the 
section,  as  exposed,  are  a  few  layers  of  black  chert,  while  a  bed  of 
quartzose  sandstone,  20  to  30  feet  thick,  occupies  a  similar  position 
in  the  more  northerly  hills  east  of  Fortymile  Canyon.  This  rock, 
locally  a  quartzite,  is  white  or  pinkish  white  and  fine  grained. 

The  formation  appears  to  be  between  5,000  and  6,000  feet  thick. 
It  was  deposited  in  a  sea  of  medium  or  shallow  depth,  in  which 
depression  of  the  sea  bottom  kept  pace  with  deposition  and  into 
which  little  detrital  material  was  introduced.  A  few  poorly  pre- 
served fossils  were  collected  north  of  the  Skeleton  Hills.  Mr.  E.  O. 
Ulrich  reports  that  these  consist  of  trilobite  fragments  and  a  valve 
of  a  brachiopod,  probably  referable  to  the  genus  BillingseUa.  He 
believes  that  they  are  of  Cambrian  age.  The  limestone  is  without 
much  doubt  the  Prospect  Mountain  (Cambrian)  limestone  of  Eureka, 
Nev.,«  although  the  upper  portions  may  belong  more  properly  with  the 
Pogonip  limestone. 

IGNEOUS   ROCKS. 

In  no  other  equal  area  surveyed  during  this  reconnaissance  do 
igneous  rocks  cover  so  little  territory.     The  Avriter  saw  no  indications 

^  J" 
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Fig.  15. — Northwest-southeast  section  through  Specter  lUinge. 

of  granite  or  other  intrusions,  an  observation  verified  by  statements 
of  several  prospectors  who  have  examined  the  hills  in  considerable 
detail.  A  single  small  butte  of  vesicular  basalt  similar  to  that  of 
the  mesa  south  of  Cane  Spring  protrudes  from  the  desert  gravels 
northeast  of  Point  of  Rocks.  This  butte  is  probably  an  erosional 
remnant  of  a  flow  which  extended  from  this  mesa  southward. 

STRTFCTTTEIE. 

The  Cambrian  rocks  are  folded  in  a  complex  manner.  Two  sets 
of  folds  are  present  in  almost  equal  development,  the  axes  of  one 
striking  northeast,  those  of  the  other  striking  east  and  west.  Zones 
of  brecciation  and  normal  faults  occur  at  a  number  of  places,  but 
few  of  the  faults  show  a  displacement  of  more  than  30  feet.  The 
fault  2  miles  north  of  west  of  Point  of  Rocks  is  normal  and  has  a 
displacement  of  100  feet.  It  trends  N.  80°  H  and  the  western  side 
is  downthrown.  A  sag  in  the  hills  coincides  with  the  fault,  the 
downthrown  side  being  slightly  higher  than  the  upthrown.  Fig.  15 
is  a  section  passing  through  the  hills  from  northwest  to  southeast. 

« Hague,  Arnold,  Mod.  U.  S.  Geol.  Survey,  vol.   20,  1892,  pp.  30-3: 
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EOOHOMIC  OEOLOOT. 

Although  the  Cambrian  rocks  are  cut  by  thin  veins  of  white  crys- 
talline or  banded  caleite  and  by  thin  quartz  veins,  apparently  barren, 
they  appear  to  offer  slight  attractions  to  the  prospector.  The  John- 
nie mine,  where  strong  quartz  veins  occur,  lies  2  miles  south  of  the 
area  surveyed.  From  information  furnished  by  prospectors  it  is 
probably  in  the  Prospect  Mountain  quartzite. 

YUCCA    MOUNTAIN. 
TOPOGRAFHT  AVD  OSOOKAFHY. 

Yucca  Mountain  is  so  called  from  the  groves  of  the  tree  yucca 
which  cover  its  lower  slopes.  The  group  lies  between  Fortymile  Can- 
yon on  the  east,  Beatty  Wash  on  the  north.  Oasis  Valley  and  Crater 
Flat  on  the  west,  and  the  Amargosa  Desert  on  the  south.  '  The 
mountains  of  tlie  main  east -west  ridge  are  gently  sloping  domes  with 
rugged  summits,  the  highest  of  Avhich  is  0,700  feet  above  sea  level. 
The  ridge  drops  rather  suddenly  to  Fortymile  Canyon  on  the  east,  but 
on  the  west  it  descends  gently  and  merges  with  Bare  Mountain. 
From  the  main  east-west  ridge  mesa  tongues  extend  southward  to 
the  Amargosa  Desert,  rhyolite  being  the  predominant  rock.  Yucca 
Mountain  is  colored  dull  tones  of  gray,  brown,  red,  and  yellow.  Near 
the  summits  the  varying  resistances  to  erosion  of  the  rhyolite  flow  beds 
are  expressed  in  cliffs  and  gentle  slopes.  Spires  tend  to  form  where 
vertical  joints  are  well  developed.  The  mesa  tongues  to  the  south 
l)ecome  lower  toward  the  south-southeast,  the  surface  l)eing  deter- 
mined by  resistant  lava  flows.  The  eastern  side  of  these  mesji 
tongues  passes  beneath  the  Recent  alluvial  deposits,  while  the  western 
face  is,  as  a  rule,  a  scarp.  The  magenta-red  basaltic  cone  4  milas  east 
of  Rose's  Well  is  a  prominent  landmark.  Other  volcanic  cones  an» 
located  in  Crater  Flat  and  for  convenience  will  be  descril)ed  with 
Yucca  Mountain. 

The  wide  and  open  character  of  Beatty  Wash  between  Timber  and 
Yucca  mountains  is  noteworthy.  Alluvial  deposits  cover  the  depres- 
sion for  a  width  of  2  miles,  although  many  hills  of  solid  rock  protrude 
from  them.  The  narrowness  of  the  canyon  farther  downstream  is  due 
partly  to  the  more  resistant  character  of  the  rhyolite  to  the  west, 
while  the  width  of  the  upper  valley  is  probably  due  to  the  rapid 
waste  of  the  adjoining  high  mountain  masses  on  either  side. 

No  w^ater  is  known  in  Yucca  Mountain.  A  few  junipers  and 
piiions  grow  on  the  highest  summits  of  the  main  ridge. 

GEirEBAL  GEOLOGY. 

This  mountain  is  composed  entirely  of  igneous  rocks,  which  include 
the  following,  beginning  with  the  oldest:  Post-Jurassic  pegmatite, 
rhyolite  and  latite,  and  basalt. 
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Post-JuToasie  ^pegmatite, — A  single  fragment  of  quartz-feldspar 
pegmatite  was  noted  in  the  basalt  of  the  cone  8  miles  north  of  Rose's 
Well.  The  basalt  in  its  passage  to  the  surface  evidently  passed 
through  a  mass  of  pegmatite. 

Rhyolite  and  latite. — The  mountain  mass,  with  the  exception  of  a 
mmiber  of  rather  small  basalt  areas,  is  composed  wholly  of  rhyolite 
and  latite.  The  series  includes  siliceous  volcanic  rocks  of  varying 
aspect  The  brown  groundmass  in  many  instances  is  dense,  aphanitic, 
and  opaque,  and  from  the  presence  of  flow  banding,  perlitic  parting, 
spherulites,  and  lithophysa?,  is  evidently  of  a  glassy  nature.  Gray 
and  black  semitransparent  glasses  also  occur.  The  more  altered  facies 
have  a  gray  or  white  dull  lithoidal  groundmass  and  the  microscope 
proves  that  this  also  was  once  a  glass  that  is  now  devitrified.  The 
phenocrysts  are  medium  sized  and  usually  subordinate  to  the  ground- 
mass;  in  certain  instances  they  are  practically  lacking.  Slightly 
smoky  rounded  quartz  individuals  and  glassy  unstriated  feldspar 
crystals  are  present  in  equal  development;  smaller  black  or  bronze 
biotite  crystals  are  less  abundant.  In  some  facies  the  phenocrysts  are 
all  orthoclase,  but  microscopic  examination  shows  enough  quartz  in 
the  groundmass  to  determine  their  rhyolite  nature. 

Latites<>  are  interbedded  with  the  rhyolites.  They  are  slightly 
darker  in  color  and  contain  both  striated  and  unstriated  feldspar 
phenocrysts  in  approximately  equal  development.  The  single  speci- 
men examined  microscopically  proves  to  be  a  clear  glass,  the  brown- 
ish color  of  the  hand  specimen  being  due  to  abundant  curved 
trichites  radiating  from  a  common  center.  Perlitic  parting  is  beauti- 
fully- developed.  Phenocrysts  of  orthoclase  and  plagioclase  of 
medium  composition  are  each  more  abundant  than  biotite.  Wedge- 
shaped  titanite  crystals,  magnetite,  and  a  little  hornblende  are  also 
present. 

Interbedded  with  the  rhyolite  and  latite  flows  are  porous  semi- 
tuffaceous  facies.  Flow  breccias  also  occur,  the  inclusions  being  of 
a  slightly  different  rhyolite  than  that  of  the  main  mass.  The  cen- 
tral portion  of  the  main  east-west  ridge  is  probably  the  site  of  a 
vent  from  which  siliceous  volcanic  rocks  flowed.  The  flows,  which 
extended  particularly  to  the  south  and  west,  reach  a  minimum  thick- 
ness of  1,000  feet.  The  series  is  a  continuation  of  similar  rocks  of 
the  Bare  Mountain  group.  Presumably  it  is  to  be  correlated  with 
the  rhyolites  of  the  Bullfrog  Hills  and  the  Kawich,  Belted,  and 
Reveille  ranges,  and  is  probably  of  early  Miocene  age. 

Basalt. — In  Crater  Flat  are  two  large  and  one  small  volcanic  cone 
and  a  number  of  low  mesa  ridges  of  basalt.     A  fourth  cone  is  situated 


•Tbe  use  of  the  term  latite  is  here  tentative,  since  no  chemical  analyses  of  the  rocks. 
hare  been  made. 
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4  miles  east  of  Rose's  Well.  The  basalt  of  the  oones  is  vesicular  and 
dull  brick-red  or  black  in  color,  while  in  the  flow  pediment  around 
the  cones  are  dense  black  facies  with  a  few  greenish  glassy  grains 
of  olivine. 

The  cones  are  gently  depressed  and  are  usually  superimposed 
upon  circular  basalt  flows.  The  flows  present  ropy  surfaces,  cross 
fractures  produced  during  the  flow  of  the  almost  solid  mass,  and 
caverns  formed  by  the  onflow  of  the  liquid  interior  after  the  surface 
had  hardened  into  a  crust,  each  a  characteristic  phenomenon  of  sur- 
face lavas  which  have  been  but  little  eroded.  The  cones  themselves 
are  formed  in  part  of  flows,  but  largely  of  vesicular  lapilli,  scorise, 
and  volcanic  bombs.  The  intimate  mixture  of  these  red  and  black 
fragments  imparts  to  the  cones  their  magenta-red  color.  The  cone 
4  miles  east  of  Rose's  Well  has  on  its  summit  a  crater,  300  feet  in 
diameter,  which  is  depressed  from  15  to  75  feet  below  its  rim.  Sul- 
phur coats  the  a  olcanic  breccia  in  the  crater.  The  crater  of  the  cone 
7  miles  north  of  Rose's  Well  has  been  largely  destroyed  by  erosion, 
the  throat  displaying  a  rubble  of  vesicular  basalt  fragments.  Beds 
of  fragmental  material  dip  inward  toward  a  common  center  at  the 
crater  of  the  cone  1^  miles  farther  north. 

Since  the  eruption  of  the  basalt  the  cones  have  been  somewhat 
eroded,  calcium  carbonate  has  been  deposited  in  the  vesicles,  shrub- 
bery has  taken  root  on  the  lava  flows,  and  a  sand  dune  has  been  super- 
imposed upon  the  cone  4  miles  east  of  Rose's  AVell.  The  basalt  is 
probably  of  very  late  Pliocene  or  early  Pleistocene  age. 

STRXrOTlUtE. 

The  rhyolite-latite  series  has  been  subjected  to  mountain-building 
forces  acting  in  an  east-west  direction.  Joint  sheeting  and  normal 
faults  striking  north  and  south  are  developed  in  the  mass,  while  minor 
joints  of  east-west  strike  are  also  present.  The  series  had  been  cairved 
into  forms  approximating  those  of  the  present  day  when  basalt  erup- 
tions occurred. 

ECOKOMIO  OBOLOGY. 

Two  small  masses  of  rhyolitc  whose  location  is  shown  on  the  map 
(fig.  4,  p.  43)  are  kaolinized  and  silicified  in  a  similar  manner  to  the 
rhyolite  in  the  vicinity  of  ore  deposits.  Silicification  has  occurred 
along  joints  and  in  irregular  forms,  and  these  resistant  masses  form 
the  topographic  details  peculiar  to  silicified  areas  of  rhyolite.  Tunnels 
have  been  driven  in  the  larger  of  the  two  areas,  the  ore  extracted  be- 
ing a  silicified  rhyolite  slightly  stained  by  limonite.  The  ore,  in  part 
free  milling  and  in  part  refractory,  is  said  to  carry  gold  with  minor 
silver  values.     Quartz  does  not  seem  abundant  in  either  area. 


Digitized  by  VjOOQIC 


MOUNTAINS   SOUTHEAST   OF   PAHUTE   MESA.  153 

TIMBER    MOUNTAIN. 
TOPOOBAFHY  AND  OEOORAFHY. 

Timber  Mountain,  named  on  account  of  its  heavily  forested  sum- 
mits, is  bounded  on  the  east  and  northeast  by  Fortymile  Canyon,  on 
the  northwest  and  west  by  Oasis  Valley,  and  on  the  south  by  Beatty 
Wash.  A  low  divide  connects  it  with  Pahute  Mesa  to  the  north.  The 
massive  mountain  has  two  peaks,  each  7,500  feet  high,  which  are  sepa- 
rated by  a  col.  The  western  slope  to  Oasis  Valley  is  somewhat  more 
gentle  than  that  on  the  east  to  F6rtymile  Canyon.  The  heaviest 
foresl  growth  in  the  area  surveyed  covers  this  mountain  above  an  ele- 
vation of  6,300  feet.  Some  of  the  trees  are  of  sufficient  size  to  be 
of  value  as  timber. 

GEOLOGY. 

Timber  Mountain  appears  to  be  wholly  composed  of  Tertiary  rhyo- 
lite  and  basalt,  the  rhyolite  being  the  older. 

Rhyolite. — The  mountain  peaks  and  the  north  and  west  slopes  are 
formed  of  rhyolite,  which  imparts  to  the  mountain  a  red  tone.  The 
most  abundant  variety  is  a  dense  brown  or  red  rock  in  which  the  phe- 
nocrysts,  medium-sized  glassy  orthoclase  and  slightly  smoky  quartz 
with  fewer  bronze  biotite,  equal  or  exceed  the  groundmass  in  bulk. 
The  rhyolite  is  but  an  extension  of  that  of  Yucca  Mountain,  and  the 
various  facies  there  noted  probably  also  exist  on  Timber  Mountain. 
The  rhyolite  is  presumably  of  early  Miocene  age. 

Basalt.^— The  rhyolite  of  Timber  Mountain  had  l>een  eroded  into 
practically  its  present  form  when  basalt  was  extruded,  filling  depres- 
sions in  the  rhyolite  and  forming  level  reaches  here  and  there  on  the 
mountain.  Basalt  flanks  Timber  Mountain  on  the  east,  forms  the 
prominent  black  dome  8  miles  east  of  south  of  the  more  northerly  of 
the  two  peaks,  and  occurs  in  several  areas  on  the  western  slope  of  the 
range.  The  basalt  is  a  dense  black  or  dark-gray  rock  in  which  stri- 
ated feldspar  and  olivine  phenocrysts  are  prominent.  Much  of  the 
basalt  is  vesicular,  and  the  rounded  cavities,  locally  filled  by  zeolites, 
vary  greatly  in  size  across  the  flow  banding.  The  basalt  flow  reaches 
a  thicknass  of  over  1,000  feet.  The  basalt  of  Timber  Mountain  is 
much  younger  than  the  rhyolite,  and  from  the  amount  of  erosion 
which  it  has  suffered  it  is  believed  to  be  one  of  the  late  Pliocene  or 
early  Pleistocene  basalts. 

BARE   MOITNTAIN. 
TOPOGRAPHY  AND  GEOGRAPHY. 

Bare  Mountain,  so  named  on  account  of  its  almost  total  lack  of 
verdure,  lies  south  of  Oasis  Valley  and  Beatty  Wash,  between  the 
Amargosa  Desert  and  Crater  Flat.  The  mountain  mass  is  triangular 
in  form,  the  apex  being  at  the  south  end.    It  is  15J  miles  long  from 
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north  to  south  and  8  miles  wide  at  the  north,  its  broadest  portion. 
The  Bare  Mountain  hills  are  comparable  to  the  most  rugged  portions 
of  the  Amargosa  and  Panamint  ranges,  the  valleys  being  deep  V- 
shaped  troughs  and  many  of  the  ridges  between  being  knife-edges. 
Throughout  the  range  the  south  sides  of  the  gulches  are  somewhat 
less  steep  than  the  north  sides,  owing  to  the  prevalent  dip  to  the 
northeast.  The  highest  point  of  Bare  Mountain,  6,235  feet  above  sea 
level,  is  but  2  miles  from  the  detrital  pediment  3,000  feet  below.  The 
strongly  folded  Paleozoic  rocks  band  the  mountain  with  dark  and 
light  gray,  yellow,  white,  and  red.  No  water  is  known  in  these  bare 
hills. 

GSNB&AL  GIOLOOT. 

The  formations  exposed  in  Bare  Mountain,  from  the  oldest  to  the 
youngest,  are  as  follows:  Pogonip  limestone,  Eureka  quartzite,  peg- 
matite, monzonite  porphyry,  rhyolite,  and  basalt. 

PALEOZOIC   SEDIMENTABY  ROCKS. 

Bare  Mountain  is  composed  largely  of  Paleozoic  sedimentary  rocks 
so  strongly  folded  and  faulted  that  a  satisfactory  section  could  not  be 
made  in  the  time  at  the  writer's  disposal.  The  series  presented  from 
the  top  down  is  probably  as  follows : 

Probable  seel  ion  in  Bare  Mountain. 

Peet 

Schist    — - 200 

Quartzite  with  some  schist  and  limestone 1,000 

Limestone  containing  pear  its  top  a  considerable  numl>er  of  beds 

of  schist 3,000-4,000 

Quartzite  and  schist 100-200 

At  the  top  of  the  series  the  schist,  limestone,  and  quartzite  re- 
peatedly replace  one  another  within  a  thickness  of  100  feet.  These 
rocks,  particularly  at  the  north  end,  have  been  metamorphosed,  the 
original  limestone,  shale,  and  sandstone  being  altered,  respectively,  to 
marble,  schist,  and  quartzite. 

The  limestone  in  the  central  part  of  the  range  is  dark  gray  to  blue- 
black  in  color,  fine  grained,  compact,  and  rather  crystalline.  Anasto- 
mosing veinlets  of  calcite  are  characteristic.  Much  of  the  limestone 
is  thinly  laminated.  At  the  north  end  of  the  mountain  the  limestone 
is  changed  to  a  white  or  light-colored  marble,  for  the  most  part 
rather  coarse  grained.  Weathered  surfaces  are  yellow  or  brownisli 
in  color.  Muscovite  films  are  developed  on  parting  planes.  The 
upper  and  lower  quartzites  consist  of  a  white  or  light-gray  metamor- 
phosed quartzose  sandstone  of  fine  or  medium  grain  and  conchoidal 
fracture.  Cross-bedding  is  common  and  ripple  marks  are  present  in 
places.  In  transition  to  schist  the  quartzite  becomes  darker  in  color, 
finer  in  grain,  and  less  pure,  some  muscovite  being  present    The 
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original  shale  of  the  series,  now  a  silvery  or  greenish-gray  mica  schist, 
is  well  exposed  near  Gold  Center.  The  schist  is  a  fine-grained, 
foliated,  and  locally  crenulated  rock  composed  of  micaceous  minerals 
with  some  quartz  and  feldspar.  Small  magnetite  and  pyrite  crystals 
are  common  in  certain  bands  and  are  evidently  contemporaneous  with 
the  other  metamorphic  constituents.  The  planes  of  schistosity  are 
usually  parallel  to  the  bedding  planes,  which  are  in  places  ripple 
marked,  although  in  certain  instances  the  foliated  structure  crosses 
the  original  bedding  at  right  angles.  Weathered  outcrops  have  a 
typical  rusty  appearance.  A  single  thin  section  under  the  microscope 
showed  a  thoroughly  recrystallized  rock  lacking  all  traces  of  original 
structure.  The  rather  well  oriented  micaceous  minerals  are  musco- 
vite,  biotite,  and  limonite-stained  chlorite,  and  grains  of  quartz  and 
orthoclase  lie  between  their  blades.  Tiny  magnetite  crystals  and 
grains  are  abundant. 

The  lower  limestone  member  of  the  series  was  deposited  in  a  sea 
of  medium  depth,  into  which  for  a  long  period  little  or  no  fragmental 
material  was  carried.  The  upper  portion  of  the  series,  on  the  other 
hand,  was  deposited  in  a  shallow  sea  which  at  times  received  frag- 
mental material  of  varying  grain.  The  quartzites  and  schists  mark 
periods  in  which  the  deposition  of  fragmental  material  exceeded 
organic  and  chemical  sedimentation,  while  the  interbedded  limestones 
indicate  a  reversal  of  the  dominant  process.  A  few  poorly  preserved 
fossils  (one  of  which  is  identified  by  Mr.  E.  O.  Ulrich  as  a  gasteropod 
suggesting  EccyViopterus  or  some  other  euomphaloid  genus)  were 
obtained  from  Bare  Mountain,  and  although  by  no  means  diagnostic 
of  the  age  of  the  series,  they  are  probably  younger  than  the  Cambrian 
and  older  than  the  Carboniferous.  The  basal  quartzite  may  be  an 
intercalated  bed  in  the  Pogonip  limestone  or  possibly  may  represent 
the  Hamburg  shale  of  the  Eureka  section.  The  thick  limestone  on 
lithologic  grounds  is  correlated  with  the  Pogonip  (Ordovieian)  lime- 
stone, while  the  overlying  quartzite  is  probably  the  Eureka  (Ordo- 
vieian) quartzite  of  Hague.**  This  upper  quartzite  and  schist  rather 
closely  resemble  the  Eureka  quartzite  of  the  Kawich  Range.  The 
area  covered  by  the  two  formations  is  roughly  indicated  on  the  map 
(PL  I),  but  future  work  will  prove  the  distribution  much  more 
complex. 

IGNEOUS  BOCKS. 

Post-Jurassic  pegmatites, — Pegmatitic  dikes  from  2  inches  to  4 
feet  thick  are  common  in  the  northern  part  of  the  range.  The  most 
widely  distributed  type  is  composed  of  white  or  very  light  pink  feld- 
spar, with  some  colorless  quartz  and  muscovite.  None  of  the  indi- 
viduals exceed  a  diameter  of  one-half  inch.     A  less*  common  variety 

•  Hague,  Arnold,  Mod.  U.  S.  Geol.  Survey,  vol.  20,  1802,  pp.  54-57. 

Digitized  by  VjOOQIC 


156  SOUTHWESTERN    NEVADA   AND   EASTERN    CALTPORNTA. 

is  a  glassy  quartz  in  which  are  many  l)iotite  flakes  one-eighth  inch  in 
diameter.  A  few  black  tourmaline  rods  up  to  one-fourth  inch  long 
occur  in  a  quartz-rich  muscovite  pegmatite.  While  some  of  the 
tourmaline  occurs  in  nests  of  clustered  rods,  some  also  forms  along 
minute  cracks  and  apjx^ars  to  be  of  pneumatolitic  origin.  Pegma- 
titic  quartz  veins  with  small  quantities  of  feldspar  and  muscovite  are 
very  common,  and  it  is  probable  that  many  of  the  older  quartz  veins 
were  deposited  by  waters  from  the  granite  magma.  The  pegmatite 
dikes  cut  Paleozoic  rocks  and  are  included  in  the  Tertiary  volcanic 
rocks,  and  are  probal)ly  post-Jurassic  in  age.  They  closely  resemble 
the  pegmatites  west  of  Bullfrog. 

Diorife  porphynj. — Bowlders  of  the  biotite-monzonite  porphyry 
or  diorite  porphyry  occur  on  an  alluvial  fan  at  the  northwest  edge  of 
Bare  Mountain.  Dikes  of  this  rock,  possibly  of  pre-Tertiary  age, 
probably  cut  the  Paleozoic  rocks. 

Tertiary  rhyolHe  and  hamlt, — Flows  of  rhyolite  and  basalt  form 
the  north  end  of  the  Bare  Mountain  hills.  These  are  similar  litho- 
logically  to  the  rhyolite  and  later  basalt  of  the  Bullfrog  Hills.  (See 
pp.  18(>-181.) 

BTBTTCTURE. 

The  Paleozoic  rocks  of  Bare  Mountain  form  a  faulted  monocline, 
Ihe  l)eds  of  which  strike  from  north  of  west  to  northwest  and  dip 
from  15°  to  80°  NE.  Superimposed  upon  the  monocline  are  minor 
cross  folds.  The  schist  and  in  a  less  degree  the  limestone  are  closely 
crenulated  and  small  isoclinals  and  overturned  folds  are  common. 
The  folding  was  so  intense  that  schist  bands  l)etw^een  limestone  and 
quartzite  are  severed  on  the  limbs  of  the  folds  and  greatly  thickened 
at  the  crests  and  troughs.  At  least  two  profound  normal  faults  of 
over  1,000  feet  displacement  cut  the  Paleozoic  rocks,  and  other  faults 
of  almost  equal  magnitude  exist.  Small  faults,  both  nonnal  and 
reverse,  are  common.  Joints  traverse  all  the  formations,  but  are 
particularly  developed  in  the  quartzite,  which  in  consequence  breaks 
down  into  squared  blocks. 

I*rior  to  the  extrusion  of  the  Tertiary  rhyolite  the  range  stood  out 
l)oldly  and  w^as  probably  as  high  or  almost  as  high  as  at  present.  The 
differential  movement  which  has  occurred  at  the  contact  of  the  Pale- 
ozoic and  Tertiary  rocks  is  imimportant. 

EOONOMIO  GEOLOGY. 

Quartz  veins  are  common  in  the  north  end  of  the  range,  and  min- 
eral locations  w^ere  made  on  some  of  them  early  in  1965.  Older  veins, 
which  were  folded  with  the  Paleozoic  rocks,  are  cut  and  faulted  by 
a  younger  set.  All  the  quartz  veins  are  characterized  by  rather 
abrupt  variations  in  width. 

The  Decillion  claim  is  located  in  the  northwestern  portion  of  the 
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range  near  the  mouth  of  a  deep  canyon.  The  principal  development 
work  is  a  50-foot  shaft.  Quartz  veins  and  stringers  reaching  a  maxi- 
mum thickness  of  1  foot  cut  limestone  and  schist.  Some  of  the  veins 
strike  east  and  west  and  dip  45^  S.  Chalcopyrite  in  grains  up  to  one- 
half  inch  in  diameter  is  disseminated  through  the  quartz.  Malachite 
and  a  little  azurite  stain  the  quartz  around  the  sulphide  and  have 
l>een  deposited  in  cavities  in  the  quartz.  The  quartz  vein  since  its 
deposition  has  been  faulted  and  crushed,  the  fragments  being  in  places 
cemented  by  granular  gypsum,  while  gypsum  crystals  line  some  cav- 
ities. The  ore  of  this  mine  is  said  to  run  high  in  silver,  with  low  gold 
values. 

The  two  50-foot  shafts  of  the  Kismet  Mining  Company,  better 
known  as  the  Lonsway  property,  are  situated  on  the  crest  of  a  high 
ridge  H  miles  southwest  of  Beatty.  The  country  rock  here,  a  quartz- 
ite,  strikes  N.  35°  W.  and  dips  15°  NE.  The  quartz  vein,  which  is 
traceable  for  several  hundred  feet,  is  from  1 J  to  2  feet  wide  and  strikes 
X.  85°  W.  and  dips  55°  S.  The  quartz  has  a  sparry  texture  and  is 
white  except  at  the  surface,  where  it  is  heavily  stained  by  limonite 
and  hematite.  This  vein  is  said  to  have  been  locally  charged  with 
gold,  probably  derived  from  pyrite  which  occurs  with  limonite  in 
quartz  at  the  bottom  of  the  shaft.  The  quartzite  near  the  vein  is 
sheete<l.  Silver  ores  with  purple-fluorite  gangiie  occur  at  the  Lige 
Harris  prospect.  In  other  portions  of  the  range  the  (juartz  veins  con- 
tain galena  cubes. 

The  quartz  and  associated  sulphides  were  deposited  in  open  east- 
west  fissures,  possibly  by  granite  magmatic  waters.  Later  the  veins 
were  faulted  and  crushed,  and  surface  waters  have  more  or  less  com- 
pletely altered  the  sulphides  to  oxides  and  carbonates,  forming  free- 
milling  ores. 

The  mines  on  Bare  Mountain  are  controlled  by  practically  the  same 
t»cononiic  conditions  as  those  of  the  Bullfrog  district.  Good  water  can 
be  obtained  in  the  springs  of  Amargosa  River  one-half  mile  away. 
Tlie  most  accessible  wood  is  that  of  the  Amargosa  Mountains,  25 
miles  distant.  The  mines  are  1  to  3  miles  from  the  proposed  rail- 
road to  the  Bullfrog  district. 

SARCOBATUS  FLAT. 

Sarcobatus  Flat  lies  west  of  Pahute  Me.sa  and  east  of  the  Amar- 
gosa Range  and  Slate  Ridge.  It  is  one  of  the  largest  valleys  in  the 
area  surveyed,  being  32  miles  long  and  having  an  average  width  of 
10  miles.  It  has  very  gently  graded  slopes.  Near  its  center,  at  an 
elevation  of  3,950  feet,  is  a  large  playa,  and  two  small  playas  lie  in 
the  arm  of  the  valley  south  of  Tolicha  Peak.  The  surface  of  tlie 
larger  playa  is  slightly  roughened  by  erosion,  but  the  total  difference 
of  altitude  over  the  entire  flat  is  probably  less  than  20  feet.     A  few 
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lime-carbonate  concretions  of  rude  cylindrical  form  are  embedded  in 
the  playa  clay.  Similar  concretions  occur  in  the  playa  clay  of  the 
Alkali  Spring  flat. 

Adobe  bricks  have  been  made  from  the  playa  clay  at  several  places, 
and  it  is  probable  that  the  clay  of  all  the  playas  is  well  adapted  to 
their  manufacture.  Borax  is  said  to  have  been  leached  from  the 
clay  of  this  flat  3  miles  south  of  east  of  Montana  Station.  The  in- 
dustry was  never  extensive,  and  until  the  rich  bedded  deposits  of 
borax  minerals  are  exhausted  these  playa  deposits  will  be  commer- 
cially unimportant.  A  number  of  wells,  sunk  in  or  near  the  large 
playa,  have  uniformly  obtained  water.  In  the  center  of  the  playa  the 
surface  and  the  water  table  are  practically  at  the  same  level  (see  fig. 
2,  p.  21).  The  coyotes  scratch  holes  from  2  to  3  feet  deep  in  the  clay 
and  get  water.  The  water  is  adequate  for  domestic  and  stock  pur- 
poses and  for  the  most  part  pure,  although  some  is  brackish  and  that 
in  one  well  is  unfit  for  use.  Water  was  obtained  at  the  following 
depths  in  the  various  wells:  Forks  of  Goldfield-Bullfrog  and  Gold- 
field-Beatty  roads,  180-190  feet;  Farmer  Station,  8-10  feet;  Thorp's 
mill,  30  feet;  Montana  Station,  18  feet;  Summerville,  1  mile  south 
of  Montana  Station,  8-9  feet ;  Tonopah  Well,  10-12  feet,  and  Seattle 
Well,  40-50  feet.  Mr.  E.  L.  Rickard  reports  that  the  water  at  Mon- 
tana station  occurs  in  a  layer  of  quicksand. 

AMAROOSA  DESERT. 

The  Amargosa  Desert  is  one  of  the  most  extensive  depressions  in 
the  Great  Basin.  The  main  valley  heads  against  the  Amargosa 
Range  and  Bullfrog  Hills,  south  of  Sarcobatus  Flat,  with  which  it  is 
connected  by  a  thin  ribbon  of  Recent  gravels,  and  trends  southeast  to 
Ash  Meadows,  and  thence  south  60  miles  to  a  point  where  it  swings 
around  the  Funeral  Mountains  to  join  Death  Valley.  Within  the  area 
mapped  the  valley  is  about  10  miles  wide  at  the  north  end,  contracts 
in  the  middle,  and  expands  to  a  width  of  21  miles  at  the  southern 
border  of  the  area.  The  valley  sends  branches  well  into  the  surround- 
ing mountains.  From  the  summit  south  of  Currie  Well  the  valley 
descends  1,600  feet  in  10  miles  and  but  500  feet  in  the  next  20  miles. 
The  cross  section  of  the  valley  is  comparatively  flat  except  in  the 
northern  part.  The  lowest  portion  within  the  area  shown  on  the  map 
lies  at  an  elevation  of  2,500  feet.  The  channels  of  the  so-called  Amar- 
gosa River  and  of  Fortymile  Canyon,  each  characterized  by  bowlders 
and  coarse  gravel,  are  slightly  depressed  beneath  the  surface  of  the 
valley.  The  valley  is  without  grass,  but  is  covered  with  a  sparse 
growth  of  creosote  bush  and  other  shrubbery,  while  mesquite  trees 
grow  north  and  east  of  Ash  Meadows. 

The  Recent  detrital  deposits  in  the  southern  portion  of  the  valley 
arc  fine  grained,  and  the  wind  has  heaped  these  into  dunes.    The  most 
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important  group  of  sand  dunes,  3  miles  south  of  Rose's  Well,  is  shown 
on  the  map.  The  Amargosa  mine  at  Rhyolite  has  been  sunk  330  feet 
in  Recent  gravel,  and  in  some  portions  of  the  valley  the  Recent  allu- 
vial deposits  are  probably  500  or  more  feet  deep.  Inliers  of  Tertiary 
and  Paleozoic  rocks  are,  however,  common.  Many  hills  and  ridges  of 
Paleozoic  limestone  protrude  from  the  gravel  in  the  southeast  corner 
of  the  area.  The  line  of  Paleozoic  inliers  northwest  of  the  sand  dunes 
is  probably  the  crest  of  a  ridge  formerly  connected  with  the  Amar- 
gosa Range,  but  now  separated  from  it  by  a  mantle  of  detrital 
material. 

The  springs  at  Ash  Meadows  have  already  been  described  (p.  20). 
Water  has  been  obtained  at  the  following  depths  in  three  wells  in  the 
valley:  Rose's  Well,  208  feet;  Miller  Well  No.  1,  183  feet;  Miller 
Well  No.  2,  70  feet.  The  water  in  all  cases  is  good,  although  that  of 
Rose's  Well  has  a  slight  saline  taste.  The  log  of  Miller  Well  No.  1,  as 
reported  by  Mr.  W.  F.  Miller,  is  as  follows : 

Log  of  Miller  Well  No,  i,  Amargosa  Desert, 

Feet. 

Gravel 2 

"Cement,*'  indurated  gravels 70 

Gravel 4-6 

*•  Cement"  10-12 

Sand    6-7 

"  Cement'*  78 

Gravel  (water  stratum) 11 

Playa  and  alluvial  slope  deposits  of  the  older  alluvium  outcrop  in  a 
number  of  places  in  the  Amargosa  Desert,  and  these  beds  probably 
underlie  at  no  great  distance  the  south  end  of  the  valley.  The  hills 
in  the  desert  8  miles  south  of  Bullfrog  are  composed  of  angular  and 
subangular  bowlders  and  sand  derived  from  the  surrounding  hills, 
and  among  other  rocks  basalt  occurs.  The  material  closely  i:esembles 
that  of  the  present  alluvial  slopes.  It  has  been  eroded  into  hills,  and 
its  bowlders  are  somewhat  weathered.  It  is  without  doubt  an  alluvial 
slope  contemporaneous  with  the  playa  deposits  next  described.  South 
of  Rose's  Well  exposures  of  ancient  playa  deposits  are  common,  and 
the  northern  border  of  the  old  playa  appears  to  have  been  north  of 
this  well.  At  the  southern  border  of  the  area  surveyed  this  playa 
was  probably  20  miles  wide.  The  deposits  now  occur  as  low,  white 
domes  and  dissected  mesas,  which  are  particularly  abundant  south- 
east and  east  of  Miller  Well  No.  2.  Six  miles  west  of  the  Big  Dune 
the  deposits  consist  of  fine-grained  clay,  in  which  are  embedded  many 
grotesque  lime-carbonate  concretions.  Bedding  planes  are  rare,  but 
appear  to  be  horizontal.  The  small  deposit  1  mile  north  of  Rose's 
Well  is  similar  except  that  a  few  small,  well-rounded  pebbles  occur 
ill  the  clay  and  that  a  1-foot  layer  of  white  porous  limestone  is  inter- 
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bedded  with  it.  These  beds  at  Ash  Meadows  form  white  lijnestone- 
capped  mesas  and  buttes,  which  are  landmarks  for  miles.  A  section 
of  the  bluff  north  of  Ash  Meadows  is  as  follows : 

Section  of  bluff  north  of  Ash  Meadows, 

Feet 

1.  White,  carious,  dense  limestone,  with  many  lentk'uhir  openings  parallel  to 

the  bedding.    The  limestone  is  finely  banded  parallel  to  these  openings 
and  has  the  characteristic's  of  chemically  precipitated  limestone 10 

2.  White,  fine-grained  clay,  massive,  inclosing  small  crystal  aggregates  of 

selenlte 40 

X  Limestone   lllic  No.   1 1 

4.  Clay  like  No.  2 , 20 

T).  Limestone  lilie  No.  1 i 

0.  Clay  like  No.  2 : 30 

Thest*  IkhIs  lie  horizontal,  although  Campbell «  states  that  farther 
south  they  dip  tOi^  the  west.  The  playa  deposits  and  gravels  are 
without  doubt  members  of  the  older  alluvium,  which  is  considered 
in  part  of  late  Pliocene  and  in  part  of  Pleistocene  age. 

AMARGOSA  MOUNTAIN  SYSTEM. 

The  Amargosa  Mountain  system,  including  the  Amargosa  Range, 
Gold  Mountain,  Slate  Ridge,  and  the  Bullfrog  Hills,  is  the  most 
important  ui)lift  in  the  area  under  discussion.  The  mountain  mass, 
which  has  a  northwesterly  trend,  lies  between  Death  Valley  on  the 
west  and  Sarcobatus  Flat  and  the  Amargosa  Desert  on  the  east. 
(Geologically  this  mountain  system  is  characterized  by  the  widespi-ead 
distribution  of  early  Paleozoic  rocks  and  in  its  northern  portion  by 
the  presence  of  granite. 

AMARGOS.\    RANGE. 
TOPOG&AFHY  AKD  GEOGRAPHY. 

The  mountain  range  l)etween  Sarcobatus  Flat  and  the  Amargosa 
Desert  on  the  east  and  Death  Valley  on  the  west  is  designated  the 
Amargosa  Range  by  the  Ignited  States  Geographic  Board,  which 
also  calls  that  portion  of  the  range  north  of  Boundary  Canyon  the 
Grapevine  Mountains  and  that  south  of  the  canyon  the  Funeral 
Mountains.  The  mountain  range  as  a  whole  is  a  unit,  the  most 
natural  division  on  physiographic  and  geologic  grounds  being  at 
Furnace  Creek,  south  of  the  area  surveyed,  as  suggested  by  Spurr.* 
The  range  here  changes  its  trend ;  moreover,  to  the  south  of  Furnace 
Creek  it  is  composed  principally  of  Tertiary  sedimentary  rocks  and 
to  the  north  of  much  older  rocks. 

The  sinuous  crest  line  of  the  Amargosa  Range  trends  N.  40°  W. 
and  roughly  coincides  with  the  California-Nevada  boundary  line. 

«  Cnnipbell,  M.  K..  null.  T\  S.  <:ool.  Survoy  Xo.  200.  1002,  p.  14. 
»  Spurr,  J.  E.,  Bull.  U.  S.  (;eol.  Survey  No.  208,  1903,  p.  187. 
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The  northeastern  side  of  the  range  is  not  impressive,  the  crest  line 
rising  only  2,000  to  4,000  feet  above  the  Amargosa  Desert  and 
Sarcobatus  Flat.  On  the  other  hand,  the  crest  is  from  5,000  to  7,000 
feet  above  Death  Valley,  and  in  consequence  the  southwestern  slope  is 
steep,  deeply  cut  by  canyons,  and  set  with  numerous  rugged  peaks 
and  pinnacles.  The  ridge  culminates  near  its  north  end  in  Grape- 
vine Peak,  8,705  feet  above  sea  level.  Wahguyhe  Peak,  with  an  ele- 
vation of  8,590  ff3et,  is  a  magnificent  truncated  cone. 

The  Amargosa  Range  from  Death  Valley  presents  a  somber  ap- 
pearance, the  grays  and  blacks  of  the  Paleozoic  rocks  predominating. 
The  northern  and  middle  j)ortions  of  the  range,  as  seen  from  the 
Amargosa  Desert  and  Sarcobatus  Flat,  are  colored  by  the  rather 
brilliant  reds,  yellows,  white,  and  grays  of  rhyolite  flows. 

The  valleys  heading  in  the  range  from  the  east  are  wide  and  gently 
sloping,  and  in  some  places,  as  at  Indian  Pass,  broad  detritus-filled 
embayments  extend  almost  to  the  range  crest.  The  stream  channels 
on  the  southwestern  side  of  the  range  are  deep  canyons,  which,  near 
the  higher  peaks,  are  sunk  3,000  feet  beneath  the  sharp  ridges  on 
either  side.  The  tortuous  stream  bed  of  Titus  Canyon  is  only  40 
feet  wide,  and  from  it  the  rocks  rise  sheer  200  feet,  while  the  slope 
to  the  ridges  2,000  feet  above  is  very  steep.  The  canyon  walls  to  a 
height  of  40  feet  are  water  polished,  and  cloudbursts  have  recently 
lodged  bowlders  50  feet  above  the  stream  bed.  The  smoother  reaches 
of  the  stream  gitidient  are  separated  by  transverse  rock  walls  from 
10  to  100  feet  high.  These  barriers,  which  in  most  regions  would 
cause  waterfalls,  are  formed  of  resistant  rock  strata. 

The  eastern  side  of  the  range,  from  Chloride  Cliff  southward  to 
the  boundary  of  the  area  here  discussed,  is  topographically  older  than 
the  rest  of  the  range,  being  a  land  surface  to  be  correlated  with  simi- 
lar tracts  in  the  Panamint,  Belted,  and  Kawich  ranges.  (See  pp.  99, 
119,  202.)  A  smaller  area  of  this  older  topography  is  situated  north 
of  Thimble  Peak.  These  portions  of  the  range  are  characterized  by 
dome-like  mountains,  shallow  and  gently  sloping  valleys,  deep  soil, 
and  comparatively  few  and  inconspicuous  rock  exposures.  The  area 
north  of  Thimble  Peak  is  surrounded  by  deep-cut  canyons,  and  the 
drainage  lines  pass  precipitously  from  the  mature  upland  to  the  young 
gulches.  This  mature  topographic  surface  at  one  time  extended  over 
the  whole  mountain  range,  but  is  now  preserved  only  where  advan- 
tageously situated.  Since  it  forms  the  eastern  slope  of  the  range  south 
of  Chloride  Cliff  and  is  not  present  on  the  western  slope,  it  may  be 
inferred  that  the  grade  of  the  streams  on  the  west  has  been  greatly 
increased  by  a  rather  recent  depression  of  Death  Valley.  This  de- 
pression occurred  probably  in  early  Pleistocene  time,  since  a  similar 
Bull  308—07  M 11 
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surface  in  the  Panamint  Range  was  developed  before  the  outflow  of 
late  Pliocene  or  early  Pleistocene  basalt.     (See  p.  202.) 

The  crest  of  the  Amargosa  Range  above  6,000  feet,  at  a  distance  of  8 
miles  northwest  and  southeast  of  Grapevine  Peak,  is  partly  covered  by 
a  sparse  growth  of  pinon  and  juniper.  The  largest  trees  are  IJ  feet 
through  and  from  20  to  25  feet  high.  The  Paleozoic  rocks  to  the  west 
of  the  crest  line  are  bare  even  above  an  elevation  of  6,000  feet.  Some 
grass  grows  in  the  higher  valleys  on  the  northeastern  slopes  of  the 
range.  South  of  Chloride  Cliff  the  Grapevine  Mountains  have  but 
few  springs,  and  the  largest  of  these  is  said  to  be  poisonous  and  is 
shunned  by  the  Indians.  North  of  Chloride  Cliff  springs  are  com- 
paratively abundant.  The  largest  of  these,  Keane  Spring,  flows 
about  1,350  gallons  per  day;  the  two  Willow  springs  and  Daylight 
Spring,  from  500  to  1,000  gallons  each.  The  other  springs  are 
smaller,  Hole  in  the  Rock,  when  full,  containing  only  about  10 
gallons. 

GEKEKAL  GIOLOOT. 

The  formations  exposed  in  the  Amargosa  Range,  from  the  oldest 
to  the  youngest,  are  as  follows:  Prosj^ect  Mountain  quartzite  (?), 
Pogonip  limestone,  Eureka  quartzite,  Lone  Mountain  limestone,  post- 
Jurassic  granite,  pre-Tertiary  diorite  porphyry,  hiotite  andesite, 
earlier  rhyolite  and  contemporaneous  basalt,  Siebert  lake  beds,  later 
rhyolite  and  biotite  latite,  and  basalt. 

SEDIMENTABT  ROCKS. 

Prospect  Mountain  quartzite  {?), — The  Amargosa  Range  south  of 
a  line  somewhat  north  of  Chloride  Cliff  is  formed  of  a  series  of 
quartzite  beds  with  intercalated  schists  and  marble.  The  large  hill 
group  north-northeast  of  Lee's  Camp  and  the  small  boss-like  hills 
northwest  of  the  Big  Dune  are  of  the  same  formation.  This  series, 
which  includes  several  thousand  feet  of  sedimentary  rocks,  is  con- 
siderably metamorphosed,  the  alteration  being  more  evident  in  the 
schists  and  the  quartzites  than  in  the  marble. 

The  quartzites  are  usually  white,  pink,  or  gray  in  color,  although  on 
the  one  hand  a  cement  of  specular  hematite  and  on  the  other  mucli 
clayey  matter  in  the  quartzite  change  the  color  to  black.  The  normal, 
rather  pure  quartzose  rock  is  fine  to  medium  grained,  and  is  in  many 
places  thin  bedded.  Cross-bedding  and  ripple  marks  are  locally 
present.  The  quartzite  passes  into  conglomerate  with  well-rounded 
pebbles,  which  reach  a  maximum  diameter  of  one-half  inch.  The 
pebbles  are  of  quartz,  of  vein  or  pegmatitic  origin,  white  quartzite, 
black  jasperoid,  and  schist.  The  development  of  sericite,  particularly 
in  the  conglomeratic  facies  of  the  quartzite,  imparts  a  greenish  tinge 
to  the  rock.    On  microscopic  examination  this  sericite  proves  to  be 
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contemporaneous  with  the  quartz  cement,  which  secondarily  enlarges 
the  clastic  grains  of  quartz.  Mashing,  besides  developing  sericite, 
has  locally  elongated  the  pebbles  of  the  conglomerate,  forming  a 
schistose  conglomerate. 

The  more  impure  quartzite  grades  into  slaty  shales  and  schists. 
The  shales  are  fine  grained  and  of  a  greenish  or  dark -gray  color,  with 
laminae  from  one-sixteenth  to  one-half  inch  thick.  The  slaty  shale  has 
usually  a  few  muscovite  plates  on  its  parting  planes  and  passes,  with 
gradations,  into  fine-grained  bluish  or  greenish-gray  sericite  schists. 
The  schistosity  is  usually  parallel  to  the  original  bedding  of  the  rock, 
but  in  places  cuts  it  at  all  angles.  In  the  schist  deep-red  garnets, 
small  tabular  hexagonal  greenish  plates  (ottrelite),  .greenish-gray 
micaceous  aggregates  (chlorite),  or  grayish  prisms  (andalusite)  are 
developed.  Under  the  microscope  these  schists  appear  without  orig- 
inal structures.  Fine  shreds  of  sericite,  with  chlorite,  in  some  thin 
:sections  are  well  aligned  parallel  to  the  schistosity,  and  between  such 
!>ands  are  fine  mosaics  of  quartz  and  a  little  orthoclase.  Among  the 
phenocrystic  minerals  of  the  series,  clearly  of  later  origin  than  the 
groundmass,  are  staurolite,  andalusite,  ottrelite,  biotite,  chlorite,  gar- 
net, ilmenite,  and  magnetite.  Zircon,  graphite,  and  rutile  are  present 
locally.  Small  crystals  of  tourmaline,  cutting  the  schistosity  in  all. 
directions,  are  present  in  most  of  the  thin  sections.  The  occurrence 
of  this  mineral  10  miles  or  more  from  the  nearest  granitic  outcrop 
possibly  indicates  the  presence  of  a  considerable  body  of  granite  be- 
neath the  Amargosa  Range.  The  interbedded  marbles  are  fine-  to 
medium-grained  rather  dense  rocks,  of  buff,  pink,  purple,  gray,  or 
white  color.  Much  of  the  marble  is  finely  laminated.  The  presence 
of  clastic  grains  and  small  pebbles  of  quartz  and  of  cross-bedding 
indicates  that  the  original  limestone  was  deposited  in  shallow  water. 
Through  metamorphism  not  only  has  the  rock  been  thoroughly  re- 
crystallized  and  locally  somewhat  silicified,  but  muscovite  has  been 
developed  on  the  parting  planes,  and  calcite  veins,  cutting  it  in  all 
directions,  have  been  formed. 

Interbedded  with  and  sending  short  arms  out  into  the  schist  at 
Poison  Spring  are  thin  discontinuous  sheets  of  hornblende  gneiss, 
composed  of  a  fine  mosaic  of  quartz  and  feldspar,  with  much  fibrous 
greenish-black  hornblende  and  in  certain  bands  red  garnet.  Under 
the  microscope  the  mosaic  is  seen  to  be  composed  of  quartz,  ortho- 
clase, and  plagioclase.  In  the  mosaic  are  large  skeletons  of  horn- 
blende, garnet,  zoisite,  and  titanite.  Apatite  and  magnetite  are  pres- 
ent as  accessory  minerals.  Chlorite  is  secondary  to  hornblende, 
sericite,  or  kaolin,  and  calcite  to  the  feldspars,  and  zoisite  to  the  mu- 
tual alteration  product  of  hornblende  and  plagioclase.  A  sheet  of 
hornblende  schist  cuts  across  the  bedding  planes  of  marble  and  schist 
at  a  low  angle  200  yards  west  of  the  Chloride  Cliff  camp,  near  the 
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head  of  a  gulch.  The  sheet  is  over  200  feet  thick  and  is  at  least  one- 
fourth  mile  long.  This  schistose  rock  is  composed  largely  of  horn- 
blende, with  some  quartz  and  feldspar.  Red  garnets  which  reach 
a  maximum  diameter  of  one-half  inch  are  abundant  in  some  portions 
of  it  and  are  also  present  in  the  adjacent  sericite  schist.  The  horn- 
blende schist  is  composed  of  the  following  minerals,  named  in  the  or- 
der of  their  abundance :  Hornblende,  quartz,  biotite,  plagioclase 
(oligoclase  in  part),  orthoclase,  garnet,  magnetite,  and  apatite.  The 
rock  has  the  form  of  a  sheet  injected  in  the  Cambrian  rocks.  This 
schist  and  the  gneiss  above  described,  each  of  which  is  probably  a 
mashed  basic  igneous  rock,  are  the  oldest  igneous  rocks  known  in  the 
area  surveyed.  The  hornblende  rocks  are  older  than  the  post-Juras- 
sic granite,  which  is  everywhere  massive,  and  since  they  have  suffered 
approximately  the  same  metamorphism  as  the  rocks  which  they  in- 
ject they  are  probably  of  Paleozoic  age. 

The  sedimentary  rocks  of  this  series  were  laid  down  in  a  shallow 
sea  in  which  the  conditions  of  deposition  were  constantly  and  rapidly 
changing.  Fragmental  material  was  carried  into  the  sea  even  during 
the  deposition  of  limestone,  since  clastic  quartz  grains  are  common 
in  it. 

The  series  is  identical  with  that  of  Tucki  Mountain,  in  the  Pana- 
mint  Range.  Its  age  was  not  definitely  determined,  since  unfor- 
tunately the  contact  with  the  Ordovician  and  Silurian  rocks  lies 
between  two  traverses  made  across  the  range.  Lithologically  it 
more  closely  resembles  the  Prospect  Mountain  quartzite  (Cambrian) 
of  the  Specter  Range  than  any  other  formation.  The  two  are  both 
quartzites,  with  shale  and  conglomeratic  facies  containing  similar 
pebbles.  Limestone  was,  however,  not  noted  in  the  quartzite  of  the 
Specter  Range.  While  tentatively  considered  Cambrian,  these  sedi- 
mentary rocks  may  in  reality  be  of  pre-Cambrian  age.  The  severe 
metamorphism  of  the  series  indicates  that  the  rocks  have  undergone 
folding  not  suffered  by  the  Ordovician  rocks  farther  north,  and  that 
they  are  hence  of  pre-Ordovician  age. 

I  Pogonip  limestone. — The  Pogonip  limestone  extends  from  Keane 
Springs  northwestward  to  Grapevine  Canyon.  It  also  covers  a  large 
area  north  of  Grapevine  Springs  an^  smaller  areas  in  the  vicinity 
of  and  north  of  the  Staininger  ranch,  east  of  Cave  Rock  Spring,  and 
4  miles  east  of  boundary  post  No.  94.  In  the  large  area  north  of 
Keane  Spring  from  2,000  to  3,000  feet  of  limestone  is  exposed.  It 
is  a  fine-  to  medium-grained  dense  rock,  most  of  it  dark  gray  or  black 
in  color,  though  some  beds  are  light  gray.  The  lamina?  are  as  a  rule 
from  one-sixteenth  to  one-fourth  inch  thick,  while  the  bedding  planes 
are  from  4  inches  to  40  feet  apart,  heavy  bedding  being  rather 
characteristic.  Calcite  veinlets  anastomose  throughout  the  lime- 
stone mass,  and  in  Titus  Canyon  areas  of  coarse  white  calcite  blotch 
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the  limestone.  A  thin  bed  of  white  quartzite  is  interbedded  with 
the  limestone  in  the  lower  part  of  the  series  at  Cave  Rock  Spring. 
Similar  quartzite  and  black  flint  occur  in  the  limestone  north  of 
Grapevine  Springs. 

The  Pogonip  limestone  is  rather  fossiliferous,  the  fossils  being  of 
Ordovician  age.  From  the  limestone  north  of  Grapevine  Springs 
poorly  preserved  fossils  were  collected,  which  Mr.  E.  O.  Ulrich 
identified  as  Orthoceras  olorus  and  O.  perroti^  other  Orthoceras 
fragments,  and  a  fragment  of  a  pelecypod  probably  of  the  genus 
Clionychia.  These  fossils  indicate  a  middle  Ordovician  horizon. 
Mr.  F.  B,  Weeks  *»  collected  Ordovician  fossils  from  the  main  Paleo- 
zoic area,  5  miles  southeast  of  the  Staininger  ranch,  and  Mr.  G.  K. 
Gilbert^  collected  fossils  in  Boundary  Canyon  which  he  considered 
early  Silurian  or  Cambrian. 

Eureka  quartzite, — Overlying  the  Pogonip  limestone  near  Bound- 
ary Canyon  is  about  800  feet  of  quartzite.  It  is  well  exposed  at 
Daylight  Spring  and  is  a  pink,  rather  pure  quartz  rock  of  medium 
grain.  The  bedding  planes,  which  are  rather  massive,  are  empha- 
sized by  many  fine  laminae  varying  slightly  in  color  and  in  size 
of  the  constituent  grains.  Conglomeratic  bands  containing  well- 
rounded  pebbles  one-half  inch  in  diameter  occur.  Some  of  the  peb- 
bles are  of  quartzite,  possibly  derived  from  Cambrian  rocks.  Thin 
layers  of  black  fine-grained  argillaceous  quartzite  and  of  olive- 
green  or  brown  slaty  shales  are  also  interbedded  with  the  normal 
quartzite.  This  rock  is  correlated,  with  considerable  confidence, 
with  the  Eureka  quartzite  (Ordovican). 

Lone  Mountain  limestone. — Overlying  the  supposed  Eureka 
quartzite  in  the  vicinity  of  Keane,  Daylight,  and  Willow  springs 
is  about  300  feet  of  limestone  which  resembles  the  Pogonip  closely, 
although  less  distinctly  bedded.  This  is  probably  the  Lone  Mountain 
limestone  of  the  Eureka  section.  The  inlier  4  miles  north  of  the 
Staininger  ranch  is  composed  of  fine-grained  dark-gray  limestone, 
with  interbedded  black  flint,  white  or  pink  quartzite,  and  limy 
shales.  Imperfect  silicified  fossils,  one  of  which  Mr.  E.  O.  Ulrich 
considers  a  late  Silurian  coral  (genus  Cladopora)^  were  collected 
by  the  writer  from  this  locality.  Other  small  inliers  in  this  vicinity 
may  in  realty  be  the  Lone  Mountain  limestone  rather  than  the 
Pogonip. 

Siebert  lake  beds  and  contemporaneous  deposits, — The  rather  large 
mass  of  later  rhyolite  and  biotite  latite  to  the  southeast  of  Stainin- 
gers  Ranch  haK  l^etween  its  flows  layers  of  white  or  light-colored  in- 

•  Spurr,  J.  E.,  Bull.  U.  8.  Oeol.  Survey  No.  208.  1903,  p.  188. 

•Gilbert,  O.  K.,  U.  8.  Geog.  Survey  W.  100th  Mer.,  vol.  3,  1875,  pp.  34,  169,  181. 

«  UiU^e,  Arnold,  Mon.  U.  S.  Geol.  Survey,  vol.  20,  1892,  pp.  57-59. 


Digitized  by  VjOOQIC 


166  SOUTHWESTERN    NEVADA   AND   EASTERN    CALIFORNIA. 

coherent  tuflFaceous  sandstone,  which  readily  breaks  down  into  sand. 
The  section  at  this  point  is  as  follows : 

Section  southeast  of  Stainingers  Ranch. 

Feet 
Lava,  largely  biotlte  latite 375 

Rhyollte  flows  and  some  tuflFaceous  sandstone 100 

Tuffaceous  sandstone  and  thin  rhyollte  flows 37o 

Rhyollte  flows 75 

Tuflfaeeous  sandstone 1 225 

Between  the  lava  and  the  sediments  are  minor  erosional  gaps,  but 
these  are  probably  current  erosional  unconformities,  and  the  series  is 
approximately  all  of  one  age.  Bedding  planes  from  2  inches  to  20 
feet  apart  are  well  developed  at  some  places. 

Locally  the  tuffaceous  sandstone  lies  unconformably  upon  folded 
Pogonip  limestone.  It  is  closely  similar  to  that  of  the  Mount  Jack- 
son hills  and,  like  it,  is  overlain  by  siliceous  lavas.  This  formation  is, 
without  much  doubt,  the  Siebert  lake  beds. 

A  number  of  small  areas  of  conglomerate  occur  on  the  eastern  slope 
of  the  Amargosa  Range,  east  of  boundary  post  No.  94,  southeast  of 
Daylight  Spring  and  north  of  Willow  Spring.  The  rocks,  varying 
from  loosely  to  rather  strongly  consolidated  material,  consist  of  con- 
glomerates and  arkoses  with  a  little  shale.  They  range  in  color  from 
green  to  red,  yellow,  or  brown.  Bedding  planes,  which  are  from  1* 
inch  to  2  feet  apart,  are  well  developed.  The  pebbles  in  the  conglom- 
erate, which  are  very  well  rounded  and  many  of  them  highly  polished, 
reach  a  maximum  diameter  of  4  inches.  They  are  derived  principally 
from  the  Paleozoic  rocks  near  by,  with  here  and  there  a  pebble  of  fine- 
to  medium-grained  granite,  and  in  the  area  east  of  boundary  post  No. 
94  some  of  earlier  rhyolite.  These  rocks  appear  to  be  the  shore  de- 
posits of  a  lake  in  which  waves  swept  with  considerable  force.  Mate- 
rial was  transported  from  considerable  distances,  since  granite  does 
not  now  outcrop  in  the  vicinity.  Since  the  conglomerate  contains 
pebbles  of  rhyolite  and  none  of  basalt,  the  deposits  are  yoimger  than 
the  rhyolite  (early  Miocene)  and  older  than  the  basalt  (Pliocene- 
Pleistocene),  and  in  consequence  of  middle  or  late  Tertiary  age,  pre- 
sumably Miocene.  They  are  approximately  contemporaneous  with 
the  lake  in  which  the  Siebert  lake  beds  were  deposited,  and  it  is  be- 
lieved that  they  are  shore  deposits  of  that  lake.  The  conglomeratic 
lake  beds  of  the  Funeral  Mountains,  south  of  the  area  mapped,  are 
to  be  correlated  with  these  conglomerates. 

Older  alluvium. — From  a  point  8  miles  north  of  Survej'ors  Well  to 
a  point  3  miles  north  of  Mesquite  Spring  the  western  flank  of  the 
Amargosa  Range  is  formed  of  older  alluvium,  and  the  same  forma- 
tion covers  a  considerable  area  west  of  V)oundary  post  No.  85.  This 
deposit  consists  of  clays  and  bowlder  beds  sunilar  to  those  of  Deatii 
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Valley  and  the  Panamint  Range  and,  like  them,  is  considered  in  part 
of  Pliocene  and  in  part  of  Pleistocene  age. 

Probably  representing  stream  gravels  contemporaneous  with  the 
older  alluvium  are  small  areas  of  conglomerates  in  Boundary  Canyon 
and  in  the  gulch  in  which  Poison  Spring  is  situated.  In  Boundary 
Canyon,  near  Hole  in  the  Rock  Spring,  reddish  conglomerate  lies 
upon  the  eroded  surface  of  the  Paleozoic  rocks,  from  which  the  bowl- 
ders have  been  derived.  These  bowlders  reach  a  maximum  diame- 
ter of  3  feet.  The  stream  bed  of  the  Poison  Spring  gulch  is  largely 
cut  in  calcite-cemented  conglomerates.  At  the  mouth  of  the  gulch 
these  beds  are  40  feet  above  the  stream,  but  2  miles  above  Poison 
Spring  they  are  at  stream  level,  indicating  that  the  present  grade  i^ 
steeper  than  that  of  the  stream  which  deposited  these  gravels.  Calcite 
veins,  many  of  which  are  banded,  fill  joint  fissures  in  the  conglomer- 
ates. In  a  few  places  narrow  seams  of  limonite  indicate  that  some 
pyrite  was  deposited  with  the  calcite. 

IGNEOUS   ROCKS. 

In  addition  to  the  hornblende  gneiss  and  schist  already  described 
(p.  163),  the  igneous  rocks  of  the  Amargosa  Range  include  post- 
Jurassic  granite,  pre-Tertiary  diorite  porphyry,  and  several  Tertiary 
lavas. 

Granite  porphyry. — Dikes  of  granite  porphyry  cut  the  Pogonip 
limestone  6  miles  northwest  of  the  Staininger  ranch.  The  rock  has  a 
grayish-pink  fine-grained  groundmass,  which  is  exceeded  in  bulk  by 
the  phenocrysts.  Unstriated  pinkish-gray  feldspars,  which  reach 
a  maximum  length  of  one-fourth  inch,  are  more  abundant  than  small 
rounded  quartz  phenocrysts.  Rarely  a  little  chlorite  stained  by  iron 
suggests  the  former  presence  of  biotite.  Under  the  microscope  the 
groundmass  appears  as  a  microgranitic  aggregate  of  quartz,  ortho- 
clase,  and  a  little  plagioclase.  With  the  phenocrysts  of  orthoclase 
and  quartz  are  some  of  biotite  altered  to  chlorite  and  calcite  and  a 
few  of  plagioclase.  This  granite  porphyry  is  probably  one  of  the 
post-Jurassic  granites. 

Diorite  porphyry. — Fragments  of  a  greenish-gray  much-altered 
igneous  rock  occur  in  the  desert  gravels  on  the  eastern  slope  of  the 
range  west  of  Rose's  Well,  and  dikes  of  this  rock  probably  cut  the 
Cambrian  sediments.  The  rock  is  apparently  the  pre-Tertiary  dio- 
rite porphyry. 

Biotite  andesite. — ^The  oldest  of  the  Tertiary  lavas  is  a  biotite  an- 
desite,  which  occurs  in  a  number  of  small  areas  between  Grapevine 
Canyon  and  Willow  Spring,  being  particularly  abundant  hear  Mexi- 
can Camp.  The  biotite  andesite  is  a  dense  lithoidal  or  semiglassy 
rock,  which  is  gray,  green,  brick  red,  or  purplish  red,  the  last  color 
evidently  being  due  in  many  cases  to  alteration.     Phenocrysts  are 
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usually  somewhat  subordinate  in  bulk  to  the  groundmass.  Biotite 
and  lath-shaped  feldspars,  many  of  them  considerably  altered,  are 
as  a  rule  equally  abundant.  The  feldspar  phenocrysts  are  slightly 
larger  than  those  of  biotite,  but  they  are  nowhere  over  one-fourth 
inch  long  and  are  in  most  places  much  smaller.  Flow  lines  are  pres- 
ent in  the  groundmass  and  many  of  the  phenocrysts  show  flow  orien- 
tation. Much  of  the  rock  is  vesicular.  The  vesicles  reach  a  maxi- 
mum length  of  1^  inches  and  are  more  or  less  completely  filled  by 
chalcedony  and  chlorite.  Hyalite,  chalcedony,  and  quartz  occur 
along  joint  planes. 

One  thin  section  shows  under  the  microscope  as  a  biotite  andesite 
with  a  groundmass  composed  of  plagioclase  laths  in  a  rather  ill- 
defined  gently  birefringent  substance.  The  phenocrysts  include 
plagioclase,  biotite  rimmed  by  beads  of  magnitite,  orthoclase,  and 
magnetite.  The  small  plagioclase  phenocrysts  are  simple  and  the 
large  ones  complex  aggregates.  Zircon  is  a  rare  accessory  mineral. 
Another  thin  section,  although  clearly  from  the  same  magma,  is  some- 
what more  acidic,  having  affinities  with  latite.  Quartz  and  ortho- 
clase are  present  in  the  microfelsitic  groundmass  and  orthoclase 
phenocrysts  are  as  abundant  as  those  of  plagioclase. 

The  biotite  andesite  occurs  in  flows  which  were  eroded  prior  to  the 
outflow  of  the  earlier  rhyolite.  On  the  range  crest  4  miles  south  of 
Wahguyhe  Peak  the  rhyolite  contains  small  fragments  of  andesite. 
The  andesite  is  in  consequence  younger  than  rhyolite  and  is  probably 
of  late  Eocene  age.  The  more  acidic  facies  of  the  rock  are  mineral- 
ogically  rather  like  the  monzonite  porphyry  of  the  Kawich  Range, 
which  is  older  than  the  earlier  rhyolite  of  that  range,  but  which  is 
probably  contemporaneous  with  the  earlier  rhyolite  of  the  Amargosa 
Range.  The  andesite  and  monzonite  porphyry  are  probably,  in  a 
broad  way,  contemporaneous. 

Earlier  rhyolite.— 'RhyoWt^  forms  the  crest  and  eastern  slope  of 
the  Amargosa  Range  from  Thorp's  mill  to  a  point  2  miles  northwest 
of  Willow  Spring,  and  thence  to  a  point  2^  miles  southeast  of  Day- 
light Spring  it  forms  the  eastern  slope  of  the  range.  East-southeast 
of  this  point  several  small  rhyolite  areas  occur. 

The  rhyolite  series  comprises  a  considerable  number  of  siliceous 
volcanic  rocks,  which  lie  in  well-defined  flow  beds.  The  predomi- 
nant facies  is  a  lilac,  gray,  white,  or  pink  rhyolite,  with  lithoidal 
groundmass  and  medium-sized  phenocrysts  of  equal  volume.  Of  the 
phenocrysts,  colorless  or  slightly  smoky  quartz  and  glassy,  unstriated 
feldspar  are,  as  a  rule,  equally  abundant,  although  the  feldspar  may 
predominate.  Biotite  phenocrysts  are  usually  sparse  and  of  smaller 
size.  Other  facies  are  gray  glasses  without  phenocrysts,  but  with 
highly  developed  perlitic  parting,  and  black  glass,  with  feldspar  and 
fewer  quartz  phenocrysts.    Similar  rocks  from  other  ranges  prove,  on 
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microscopic  examination,  to  be  latite,  and  the  series  probably  includes 
latite  and  siliceous  dacite  in  addition  to  rhyolite.  Compact  aphanitic 
red  facies  of  rhyolite  are  also  common,  and  in  these  flow  banding, 
lithophysae,  and  spherulites  are  well  developed.  The  rhyolite  of 
Shale  Peak  (elevation,  7,370  feet),  4  miles  southeast  of  Wahguyhe 
Peak,  is  a  faded  brick-red  rock  banded  with  pink  lines.  Exfoliation 
breaks  this  rock,  which  is  rather  poor  in  phenocrysts,  along  the  flow 
lines  into  numberless  platy  fragments,  which  caused  the  members  of 
a  United  States  Coast  and  Geodetic  Survey  party  to  give  the  pe;^k 
its  expressive  name.  Many  angular  inclusions  of  rhyolite  of 
slightly  diflFerent  character,  occur  in  the  lava,  forming  flow  breccias. 
The  rhyolite  is  in  some  places  kaolinized  and  in  others  silicified. 
(See  p.  47.)  It  is  probable  that  much  of  the  rhyolite  that  is  now, 
through  kaolinization,  white  or  light  gray  in  color,  was  formerly 
brick-red,  since  at  certain  places  bleaching  has  occurred  along  joint 
fractures  and  irregular  cracks,  forming  mottled  fantastic  patterns 
in  reds  and  whites. 

Beds  and  lenses  of  red,  white,  and  greenish-white  incoherent  sandy 
rhyolitic  tuffs,  containing  feldspar,  quartz,  and  biotite  crystals,  are 
interbedded  with  the  lavas.  In  these  tuffs  pebbles  of  rhyolite,  which 
in  rare  instances  reach  a  diameter  of  1  foot,  are  abundant.  All 
gradations  exist  between  the  normal  igneous  rock  and  these  sedi- 
ments deposited  in  small  lakes  or  subaerial  basins. 

The  earlier  rhyolite  of  the  Amargosa  Kange  occurs  in  flows  from 
10  to  300  feet  thick,  superimposed  one  upon  another,  which  impart 
to  the  eastern  side  of  the  range  its  varicolored  banding.  The  thick- 
ness of  the  series  is  unknown,  although  it  reaches  at  least  3,000  feet. 
The  greater  portion  outflowed  as  lava,  but  at  various  times  during  the 
extrusion  rhyolitic  material  was  deposited  in  local  sheets  of  water 
and  at  others  dust  from  explosive  eruptions  formed  subaerial  accu- 
mulations. The  vents  from  which  the  rhyolite  flowed  are  probably 
situated  near  the  crest  line,  but  their  position  was  not  determined 
in  the  course  of  the  present  work.  Where  the  rhyolite  flows  vary 
considerably  in  hardness  the  more  resistant  beds  form  benches  and 
the  softer  beds  are  covered  by  talus,  a  method  of  weathering  well 
developed  on  the  eastern  side  of  the  north  end  of  the  range.  Where 
vertical  systems  of  joints  are  prominently  developed,  outcrops  are 
bounded  by  vertical  planes  and  rock  pinnacles  form.  If  the  rhyolite 
flows  are  of  approximately  equal  hardness  and  joints  are  not  promi- 
nent, rounded  bosses  and  smooth  domelike  hills  result.  Such  forms 
are  well  seen  near  Shale  Peak.  Perhaps  the  most  common  topo- 
graphic forms  are  cones,  a  mean  between  the  pinnacles  of  the  well- 
jointed  rhyolite  and  the  domelike  hills  of  the  more  massive  facies. 

The  earlier  rhyolite  lies  upon  the  eroded  surface  of  the  Paleozoic 
rocks  and  the  biotite  andesite  and  near  contacts  contains  numerous 
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pebbles  of  these  rocks.  The  later  basalt  lies  upon  the  eroded  surface 
of  the  rhyolite.  This  rhyolite  is  practically  continuous  with  that  of 
the  Bullfrog  Hills  and  is  of  similar  lithologic  character.  It  is 
roughly  to  be  correlated  with  the  earlier  rhyolite  of  the  Kawich, 
Belted,  and  Reveille  ranges,  probably  of  early  Miocene  age. 

Earlier  basalt. — Basalt  fragments  are  locally  contained  in  the 
rhyolite  flow  breccias,  and  at  several  places  thin  lenses  of  basalt,  too 
small  to  show  on  the  map,  are  interbedded  with  the  rhyolite.  The 
best  example  is  at  the  Happy  Hooligan  mine,  12  miles  south  of  west 
of  Rhyolite.  Mr.  F.  L.  Ransome  «  states  that  recent  mining  develop- 
ment has  here  exposed  a  basalt  bed  from  -25  to  50  feet  thick  between 
the  rhyolite  and  the  Pogonip  limestone.  The  rhyolite  of  the  Bull- 
frog Hills  and  the  Kawnch  Range  also  contains  minor  flows  of  ba- 
salt, a  fact  further  indicating  the  contemporaneity  of  the  two  rocks. 

Later  rhyolite  and  hiotite  latite, — To  the  southeast  of  the  Stainin- 
ger, ranch  is  an  area  covering  about  12  square  miles  of  rhyolites  and 
latites  interbedded  with  the  Siebert  lake  beds.  The  rhyolites  are  the 
older  of  these  lavas  and  the  latites  the  younger. 

The  rhyolites  are  semitransparent  to  opaque,  glassy  or  semiglassy 
rocks,  with  few  quartz,  feldspar,  and  biotite  phenocrysts.  In  color 
they  range  from  light  gray,  through  red,  to  black.  Flow  breccias  are 
common.  Perlitic  parting,  which  causes  the  rock  to  disintegrate  into 
pebble-like  masses,  is  well  developed  in  many  of  the  flows.  Flow 
folding,  with  overturned  isoclinals,  in  places  with  horizontal  axes, 
is  not  unusual.  The  spherulites,  which  are  very  abundant  in  some 
flows,  making  up  at  least  one-third  of  the  rock,  are  similar  to  those 
already  described  from  the  Mount  Jackson  hills  (p.  67).  In  some 
cases  large  spherulites,  rudely  globular  and  from  3  inches  to  1  foot  in 
diameter,  inclose  smaller  ones.  The  large  spherulites  are  cut  by 
horizontal  flow  lines,  while  the  smaller  have  the  typical  radiate  struc- 
ture.    Lithophysse  also  occur. 

The  latites  are  white  semipumiceous  rocks  with  myriad  bronze- 
brown  hexagonal  plates  of  mica  and  less  conspicuous  phenocrysts  of 
feldspar.  In  some  instances  the  biotite  plates  have  an  excellent  ori- 
entation in  the  place  of  flow  and  the  rock  breaks  into  platy  masses 
along  the  flow  banding.  A  single  thin  section  examined  under  the 
microscope  showed  the  rock  to  be  a  biotite  latite,  with  groundmass 
of  a  vesicular  colorless  glass.  The  phenocrysts  exceed  the  ground- 
mass  in  bulk,  and  orthoclase  and  biotite  are  more  abundant  than 
plagioclase.     Apatite  is  present  as  an  accessory  mineral. 

The  later  rhyolite  is  similar  lithologically  to  the  rhyolite  associ- 
ated with  the  Siebert  lake  beds  of  the  Mount  Jackson  hills,  and  the 
two  series  are   probably   approximately   contemporaneous.     In   the 
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upper  portion  of  the  series  a  few  basalt  flows  are  apparently  inter- 
bedded  with  the  rhyolite.  At  another  place  the  basalt  clearly  cuts 
the  Siebert  lake  beds  and  the  rhyolite.  (See  p.  171.)  This  shows 
that  while  toward  the  end  of  the  period  of  rhyolite  extrusion  some 
basalt  probably  outflowed,  for  the  most  part  the  basalt  is  younger. 
The  rhyolite  and  latite  are  probably  of  late  Miocene  and  early  Plio- 
cene age. 

Later  hdsalL — Basalt  is  the  youngest  of  the  igneous  rocks.  Its  flows 
cover  a  considerable  area  at  the  north  end  of  the  range,  and  a  number 
of  smaller  areas  occur  on  either  side  of  (xrapevine  Canyon.  A  dike 
of  basalt  4  feet  thick  cuts  the  younger  rhyolite  and  Siebert  lake  beds 
2  miles  north  of  the  Staininger  ranch.  This  was  probably  one  of  the 
vents  through  which  the  lava  outflowed,  while  a  small,  red,  conical  hill 
to  the  south  of  the  Staininger  ranch-Thorp  road,  5  miles  from  the 
ranch,  appears  from  a  distance  to  be  a  volcanic  cone.  The  two  small 
buttes  in  Sarcobatus  Flat,  north  and  northeast  of  Currie  Well,  seen  only 
from  a  distance,  are  probably  basalt.  Remnants  of  flows  cap  rhyolite 
hills  southeast  of  Daylight  Spring,  and  at  one  locality  a  dike  of  basalt 
cuts  the  Pogonip  limestone.  This  dike  may  be  the  ancient  vent  from 
which  the  basalt  in  this  vicinity  flowed.  The  basalt  of  the  dike  is 
reddish  brown  in  color  and  much  altered,  but  on  microscopic  examina- 
tion appears  to  have  been  originally  an  olivine  basalt.  The  basalt 
from  the  flows  in  the  vicinity  is  black,  vesicular,  and  without  promi- 
nent phenocrysts.  The  basalt  of  Grapevine  Canyon  is  for  the  most 
part  black  and  dense,  although  basal  portions  of  the  flows  (in  many 
places  flow  breccias)  are  vesicular  and  red.  The  more  vesicular  rocks 
are  locally  covered  by  a  layer  of  basalt  banded  horizontally  by 
flow  lines,  and  this  in  turn  by  more  massive  beds  which  show  sphe- 
roidal weathering.  Phenocrysts,  while  usually  small,  are  abundant 
jn  many  outcrops  and  include  glassy  laths  of  plagioclase  and  rounded 
grains  of  olivine,  either  fresh  and  glassy  or  iron  stained.  Granular 
calcite,  probably  derived  from  the  alteration  of  the  basalt,  fills  vesi- 
cles in  the  basalt  and  veins  cutting  it.  A  thin  section  cut  from  basalt 
from  the  low  mesas  4  miles  east-northeast  of  the  Staininger  ranch 
proves  to  be  a  quartz-bearing  olivine  basalt  with  holocrystalline 
groundmaas.  The  quartz  is  deeply  embayed  and  surrounded  by  a 
corona  of  augite  columns  of  the  groundmass. 

The  basalt  from  the  south  end  of  the  Amargosa  Range  overlias 
the  Siebert  lake-bed  conglomerates,  and  from  its  lithologic  char- 
acter is  considered  to  be  one  of  the  Pliocene-Pleistocene  basalts.  The 
basalt  in  the  vicinity  of  Grapevine  Canyon  is  probably  in  part  con- 
temporaneous with  the  upper  part  of  the  later  rhyolite  and  Siebert 
lake  beds,  but  is  for  the  most  part  younger  and  of  late  Pliocene  or 
early  Pleistocene  age. 
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STBTTOTUEE. 

The  Amargosa  Range  has  been  subjected  to  two  main  periods  of 
folding  and  uplift,  the  earlier  in  pre-Tertiary  and  presumably  post- 
Jurassic  time,  the  later  probably  in  late  Miocene  time,  after  the  depo- 
sition of  the  Siebert  lake  beds.  In  the  northern  part  of  the  range  this 
later  folding  was  somewhat  earlier  than  in  the  southern  part  and  ^fh 
pears  to  have  succeeded  the  outflow  of  the  earlier  rhyolite  and  pre- 
ceded the  deposition  of  the  Siebert  lake  beds.  North  of  Wahguyhe 
Peak  the  Paleozoic  rocks  and  the  earlier  rhyolite  are  so  folded 
together  that  the  differentiation  of  the  two  periods  of  folding  is  dif- 
ficult. Even  here,  however,  the  Paleozoic  rocks  are  more  profoundly 
folded.  The  earlier  folding  w^as  accompanied  by  reversed  faulting 
and  probably  in  the  last  stages  by  normal  faulting;  the  later  folding 
was  accompanied  by  normal  faulting. 

The  major  direction  of  the  early  folds  was  parallel  to  the  trend  of 
the  range,  but  accompanying  them  are  cross  folds,  which  west  of 
Grapevine  Peak  equal  in  importance  and  south  of  Indian  Pass  pre- 
dominate over  the  northwest-southeast  folds.  In  the  vicinity  of 
Grapevine  Peak  these  cross  folds  were  intensified  by  later  folding. 
In  the  central  portion  of  the  range  there  is  an  anticlinorium  with 
northwest-southeast  axis,  composed  of  two  main  anticlines  with  a 
syncline  between.  The  syncline  at  Keane  Spring  is  comparatively 
narrow;  at  Boundary  Canyon  it  is  broader  and  more  open;  and  in 
the  canyon  in  which  Tule  Spring  is  situated  it  is  represented  by  two 
minor  synclines  and  an  intervening  anticline.  At  Chloride  Cliff  the 
syncline  is  broken  by  a  normal  fault.  Many  of  the  minor  folds  are 
closely  appressed  isoclinals  or  fan  folds,  which  in  some  instances 
have  horizontal  axes.  The  passage  from  isoclinal  folds  to  reverse 
faults  is  by  no  means  unusual.  South  of  Indian  Pass  the  structure 
is  that  of  an  anticlinorium  with  northeast-southwest  axis,  of  which  the 
long  northwest  limb  dips  rather  gently  to  the  southeast,  while  the 
shorter  southeast  limb  dips  somewhat  more  steeply  to  the  northwest. 
Superimposed  upon  the  main  folds  are  minor  folds,  many  of  which 
are  rather  steep.  The  Pogonip  limestone  north  of  Grapevine  Springs 
is  folded  into  a  gentle  arch  with  east-west  axis. 

Before  the  later  folding  was  inaugurated  the  range  was  worn 
down  to  an  inconspicuous  ridge,  and  the  eastern  slope  and  the  whole 
range  south  of  the  area  mapped  formed  the  bottom  of  the  Miocene  lake. 
It  is  to  the  later  folding  and  succeeding  minor  uplifts  that  the  range 
owes  its  height.  South  of  Daylight  Spring  the  rhyolites  dip  at  angles 
of  20°  to  40'^  away  from  the  range,  while  the  Siebert  lake  conglom- 
erates in  this  vicinity  have  a  dip  away  from  the  range  which  in  some 
instances  reaches  70°.  North  of  Daylight  Spring  the  earlier  rhyolite 
is  folded  into  a  synclinorium  whose  axis  strikes  N.  70°  E.,  with  its 
trough  situated  about  4  miles  north  of  Grapevine  Peak.     Normal 
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strike  faults  having  the  same  strike  are  common  in  the  vicinity  of 
Thorp's  mill  and  form  numerous  fault  scarps.  The  Siebert  lake  beds 
.south  of  the  Staininger  ranch  have  been  flexed  and  are  broken  by 
small  normal  faults  of  north-south  strike. 

Unimportant  folding  and  faulting  aW  recorded  in  the  basalt  and 
okler  alluvium  areas.  The  basalt  below  the  Staininger  ranch  dips  to- 
ward Death  Valley  and  has  apparently  been  tilted  westward  along  a 
north-south  axis.  Normal  faults  of  4  to  5  feet  displacement,  usually 
with  north -south  trend,  cut  the  basalt  in  the  vicinity  of  Grapevine 
Canyon.  The  older  alluvium  at  Hole  in  the  Rock  Spring  for  the  most 
part  dips  toward  Death  Valley,  although  northeasterly  dips  here  and 
there  indicate  that  since  the  deposition  of  the  conglomerate  the  range 
has  not  only  been  uplifted,  but  also  somewhat  folded. 

BOOKOHIO  OBOLOOY. 

Active  mining  operations  are  being  caried  on  at  three  points  in  the 
Amargosa  Range  within  the  area  mapped — at  the  Happy  Hooligan 
mine,  at  Chloride  Cliff,  and  at  Lee's  Camp. 

HAPPY   HOOLIOAN    MINE. 

The  Happy  Hooligan  mine  is  situated  at  the  eastern  base  of  the 
Grapevine  Mountains,  9  miles  northwest  of  Bullfrog.  A  number  of 
test  pits  have  been  sunk  at  the  contact  of  the  eroded  surface  of  the 
Pogonip  limestone,  with  its  interbedded  quartzite  and  the  Tertiary 
lava  flows.  The  predominant  lava  is  a  kaolinized  rhyolite,  from 
which  the  feldspar  phenocrysts  have  been  largely  removed  by 
weathering.  This  is  underlain  by  a  flow  of  basalt  which  rests  upon 
the  limestone.  At  the  contact  with  the  limestone  the  basalt  is  reddened 
by  hematite  and  altered  to  a  greasy  substance,  which  pans  fine  free 
gold,  as  does  the  limestone  when  decomposed.  Gold  values  also 
occur  where  the  lava  comes  in  contact  with  the  quartzite.  The  con- 
tact has  been  traced  several  hundred  feet  and  values  are  reported 
from  all  the  test  pits.  The  ore  is  free  milling,  and  no  sulphides  wiere 
observed.  It  is  said  to  run  $40  in  gold  per  ton,  the  values  appearing 
to  be  closely  associated  with  limonite  and  hematite.  Several  springs 
are  situated  near  the  mine  and  fuel  can  be  obtained  within  6  miles. 
The  road  to  Bullfrog  is  rather  heavy. 

CHLOBIDE  CLIFF. 

Chloride  Cliff  is  situated  in  Inyo  County,  Cal.,  on  the  crest  of  the 
Amargosa  Range,  15  miles  south  of  Bullfrog.  At  this  point  the 
Cambrian  limestone  strikes  N.  15°  W.  and  dips  30°  E.  A  steeply 
inclined  fault  trending  N.  50°  W.  cuts  the  limestone.  The  limestone 
along  the  fault  is  silicified  and  in  it  are  disseminated  galena  and 
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some  chalcopyrite.  The  secondary  ore  is  a  porous  yellowish  lead 
carbonate  with  some  malachite  stains.  The  surface  outcroppings  are 
heavily  stained  by  limonite.  At  another  place  a  4-foot  vein  of  quartz 
lies  between  the  gently  dipping  hornblende  schist  and  the  sericite 
schist  and  altered  limestone  above  it.  The  quartz  is  free  milling  and 
heavily  iron  stained,  and  the  crushed  portions  have  been  recemented 
by  limonite.  The  writer  traced  the  vein  200  feet,  but  it  extends  much 
farther.  It  is  reported  that  one  sampling  across  the  vein  gave 
values  in  gold  averaging  $1,500  per  ton.  At  a  third  prospect  a 
reversed  fault  cuts  the  schist  member  of  the  series,  which  here  strikes 
N.  60°  W.  and  dips  15°  NE.  A  quartz  vein  2  to  3  feet  wide  occupies 
the  fissure.  The  quartz  is  stained  by  limonite,  and  pyrite  is  the  only 
original  sulphide  seen.  Small  nodules  of  native  copper  are,  in  rare 
instances,  associated  with  the  limonite  stains.  The  ore  is  said  to 
assay  from  $13  to  $500  per  ton  in  free  gold.  The  values  are  a^oci- 
ated  with  limonite. 

The  prospects  at  Chloride  Cliff  are  either  fissure  fillings  or  deposits 
along  contacts.  In  some  cases  the  quartz  and  accompanying  sul- 
phides probably  filled  open  fissures;  in  others  the  limestone  was 
metasomatically  replaced.  There  is  a  distinct  tendency  for  galena  to 
be  the  predominant  sulphide  in  limestone,  and  pyrite  in  the  other 
country  rocks.  Since  the  deposition  of  the  quartz  the  veins  have  been 
crushed  and  surface  waters  have  produced  from  the  original  sul- 
phides native  gold,  copper,  cerussit^,  malachite,  and  limonite.  The 
deposits  are  structurally  similar  to  those  which  hold  their  values  well 
with  depth,  and  if  surface  enrichment  has  not  been  out  of  all  propor- 
tion to  the  original  sulphide  values,  fiirther  development  is  well 
justified. 

Water  is  at  present  packed  on  burros  from  Keane  Spring,  4  miles 
distant.  Wood  suitable  for  fuel  occurs  on  the  Amargosa  Range,  10 
miles  north  of  the  prospects,  but  at  present  must  be  teamed  by  way  of 
Bullfrog.  A  fair  road  connects  the  prospects  with  Bullfrog,  the 
shipping  and  supply  point. 

Ores  from  a  number  of  mines  in  the  Cambrian  rocks  in  the  vicinity 
of  Chloride  Cliff  were  examined,  but  the  mines  themselves  were  not 
visited.  At  the  Keane  Wonder  mine  a  blanket  vein  of  quartz,  dip- 
ping gently  westward,  is  said  to  lie  along  the  bedding  planes  of  the 
Cambrian  rocks.  The  gold  ore  is  quartz  heavily  stained  by  limonite 
and  is  said  to  be  free-milling.  The  Trio  mine,  in  the  next  gulch  south 
of  the  Keane  Wonder,  is  said  also  to  be  on  a  quartz  vein  in  the  Cam- 
brian rocks.  The  ore  is  a  limonite-stained  quartz  containing  chal- 
copyrite and  galena  and  some  cerussite.  Free  gold  is  reported  to 
occur  in  schist  and  limestone  along  a  fault  fissure  down  the  gulch 
from  Keane  Spring.  The  ore  of  this  deposit  closely  resembles  that 
from  the  metasomatic  replacement  deposits  of  Chloride  Cliff.     The 
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Bismuth  mine  is  situated  on  the  road  to  Bullfrog,  somewhat  below  the 
Chloride  Cliff  mine.  The  quartz,  which  is  heavily  stained  by  limon- 
ite,  contains  finely  granular  galena.  The  presence  of  some  malachite 
probably  indicates  the  former  presence  of  chalcopyrite  with  the  pyrite 
and  galena. 

lee's  camp. 

Lee's  Camp  is  situated  in  the  Cambrian  rocks,  10  miles  southwest 
of  Rose's  Well.  The  camp  was  not  visited  by  the  writer,  but  strong 
veins  of  quartz  are  said  to  exist  there.  The  ore,  which  is  said  to  mill 
free  gold,  is  quartz  and  either  dolomite  or  siderite,  each  heavily 
stained  by  limonite. 

ABEAS  FATOBABLE  FOB  PBOSPEOTINO. 

Quartz  veins  are  common  in  the  metamorphosed  Cambrian  sedi- 
mentary rocks.  They  occupy  joint  and  bedding  planes  and  fault 
fissures,  and  in  the  latter  case  may  contain  angular  fragments  of  the 
Cambrian  rocks.  In  size  they  vary  from  mere  stringers  to  veins  6 
feet  or  more  across,  which  can  be  traced  for  hundreds  of  yards.  In 
the  vicinity  of  Poison  Spring  these  are  particularly  strong,  and  over 
restricted  areas  make  up  almost  one-third  of  the  rock.  The  quartz 
in  most  instances  is  white  and  semitransparent  and  appears  barren. 
In  others  it  has  been  faulted  and  brecciated  and  is  stained  by  limonite, 
while  pyrite  and  specular  hematite  are  disseminated  in  it  here  and 
there.  The  mines  of  Echo  Canyon,  to  the  south  of  the  area  surveyed, 
are  reported  to  be  situated  on  similar  quartz  veins.  Pyrite  and 
hematite  also  occur  in  quartz  veins  on  the  small  Cambrian  hills  to 
the  northwest  of  the  Big  Dune,  and  these  minerals  and  malachite  are 
found  in  the  quartz  veins  of  the  big  Cambrian  inlier  to  the  southwest 
of  the  Big  Dune. 

In  the  Pogonip  limestone  of  the  central  and  northern  portion  of 
the  Amargosa  Range  quartz  veins  are  of  minor  importance.  The 
veins,  some  of  which  contain  pyrite  and  specular  hematite,  appear  to 
be  comparatively  smalU  About  6  miles  south  of  the  Staininger  ranch 
prospectors  sunk  a  shaft  10  feet  deep  on  a  quartz  vein  stained  with 
malachite.  At  this  depth  the  vein  divided  into  several  stringers  and 
the  shaft  was  abandoned.  The  ore  carried  low  gold  and  silver  values. 
With  the  change  of  the  country  rock  from  the  siliceous  deposits  of  the 
Cambrian  area  to  the  calcareous  rocks  of  the  Silurian  and  Ordovician, 
calcite  veins,  probably  in  part  contemporaneous  with  the  quartz  veins, 
become  predominant.  These  are  extremely  abundant,  but  as  a  rule 
are  less  persistent  and  less  mineralized  than  the  quartz  veins  in  the 
Cambrian.  At  Titus  Canyon  the  calcite  veins  are  of  two  ages.  The 
older  are  formed  of  white  crystalline  calcite,  much  of  which  is  very 
coarsely  granular.    The  younger  veins,  of  banded  yellow  or  brown 
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calcite,  are  still  forming.  River  bowlders  are  here  and  there  inclosed 
in  these  veins,  and  stalactitic  calcite  hangs  from  them  in  some  canyon 
walls.  The  bands  are  either  parallel  to  the  walls  or  at  right  angles  to 
them,  while  in  certain  places  the  borders  of  the  veins  are  vertically 
banded  and  the  centers  horizontally  banded.  Many  of  the  later  veins 
fault  the  older. 

Areas  of  silicified  ana  kaohnized  rhyolite  in  the  Amargosa  Range 
are  shown  on  the  map  (fig.  4,  p.  43).  The  rhyolite  8  miles  southeast 
of  Daylight  Spring  has  been  silicified,  and  small  quartz  veins  cut  it. 
The  area  has  been  located,  but  no  information  is  at  hand  as  to  the 
value  of  the  ore.  Silicified  rhyolite,  with  many  small  quartz  veins, 
outcrops  at  several  places  east  of  Mexican  Camp  and  1  mile  north  of 
McDonald  Spring.  At*  the  latter  locality  small  quartz  veins  also 
occur  in  the  biotite  andesite.  The  quartz  in  this  portion  of  the  range 
is  largely  white  or  gray  and  compact.  At  Currie  Well  bowlders  of 
silicified  rhyolite,  said  to  pan  gold,  occur  as  float,  but  the  original  posi- 
tion of  the  rock  is  not  known.  Silicified  rhyolite  stained  by  the  yel- 
low basic  ferric-alkali  sulphate  (?)  already  mentioned  (p.  50)  covers 
a  considerable  area  to  the  south  of  Grapevine  Canyon.  This  rhyolite 
is  doubtless  worthy  of  careful  prospecting. 

BULLFROG   HILL8.<' 
TOPOOKAPET  AHD  OBOOKAPET. 

The  Bullfrog  Hills  lie  west  of  Oasis  Valley,  between  the  Amargosa 
Desert  and  Sarcobatus  Flat.  They  form  a  spur  of  the  Amargosa 
Range  and  have  an  east-west  crest  line,  from  which  an  eroded 
mesa  extends  northward  and  rather  sharp  ridges  stretch  out  to  the 
south.  The  highest  peak  in  the  hills  reaches  an  elevation  of  6,035 
feet.  The  Bullfrog  Hills  are  bare  of  timber  and  are  only  sparsely 
covered  with  desert  shrubs  and  cacti.  The  towns  in  these  hills  ob- 
tain water  from  Amargosa  River  (see  p.  18)  and  from  a  number  of 
springs  in  Oasis  Valley  and  in  the  hills  themselves.  Among  the  lat- 
ter may  be  mentioned  Indian  (30,000  to  40,000  gallons  per  day), 
Crystal,  and  Mud  springs.  Hicks  Hot  Springs,  in  Oasis  Valley,  have 
already  been  described  (p.  20). 

OBHEBAL  OBOLOOY. 

The  formations  exposed  in  the  Bullfrog  Hills  include  the  follow- 
ing, the  oldest  being  named  first:  Pre-Silurian  schist.  Eureka 
quartzite.  Lone  Mountain  limestone,  post-Jurassic  pegmatite,  pre- 

«  The  geology  and  ore  deposits  of  the  Bullfrog  district  will  be  described  In  detail  by 
Messrs.  F.  L.  Ransome,  W.  H.  Emmons,  and  G.  H.  Garrey  In  a  forthcoming  Professional 
Taper,  and  the  geology  of  the  area  shown  on  the  Bullfrog  special  sheet  has  been  gen- 
eralized from  their  map.  The  description  here  given  refers  more  particularly  to  th« 
area  outside  that  covered  by  the  special  map. 
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Tertiary  diorite  porphyry,  andesite,  rhyolite,  earlier  basalt  contem- 
lx>raneous  with  rhyolite,  Siebert  lake  beds(  ?),  and  later  basalt. 

SEDIMENTABY   BOCKS. 

Pre-Silurian  schist. — Three  miles  west  of  Bullfrog  is  a  low  ridge 
of  post-Jurassic  pegmatite  containing  a  vast  number  of  schist  inclu- 
sions. The  rocks  are  present  in  practically  equal  amounts,  and  the 
area  could  as  well  be  described  as  an  area  of  schist  intensely  injected 
by  pegmatite.  The  pegmatite,  however,  is  more  resistant  to  erosion 
and  hence  gives  its  white  color  to  the  low  rounded  ridge. 

The  schist  varies  from  a  finely  foliated  biotite  schist  to  an  "  eye  " 
schist,  containing  many  lenses  of  pegmatitic  feldspar  from  one- 
sixteenth  inch  to  2  inches  long.  These  eyes  are  elongated  parallel  to 
the  schistosity,  the  shortest  diameter  usually  being  one-fourth  the 
length  of  the  longest.  Some  of  the  schist  is  composed  of  minute 
scales  of  biotite  of  common  orientation,  while  other  portions  also  con- 
tain quartz,  a  little  feldspar,  and  the  large  feldspar  lenses  already 
mentioned.  The  planes  of  schistosity  dip  at  considerable  angles,  but 
are  rarely  minutely  crenulated.  A  single  thin  section  of  the  "  eye  " 
schist  under  the  microscope  proves  to  be  a  schist  in  which  shreds  of 
biotite  and  a  little  muscovite  are  arranged  in  folia.  Between  these 
i<?  a  fine-grained  mosaic  of  orthoclase  and  quartz,  with  here  and  there 
a  partial  crystal  of  apatite  or  zircon.  The  pegmatitic  "  eyes,"  which 
are  usually  acidic  plagioclase  and  in  only  a  few  cases  quartz  or  ortho- 
clase, are  closely  encircled  by  the  biotite  films. 

The  schists  are  presumably  metamorphosed  sedimentary  rocks,  but 
they  may  possibly  be  mashed  igneous  rocks.  Mr.  (}.  H.  Garrey," 
who  examined  the  relations  between  the  schist  and  the  Pogonip  lime- 
stone on  the  western  l)order  of  the  Bullfrog  special  area,  states  that 
the  contact  between  the  two  rocks  is  not  exposed,  but  that  outcrops 
of  limestone  adjacent  to  the  schist  are  comparatively  unmetamor- 
pbosed  and  that  the  schist  in  consequence  is  presumably  pre-Silurian. 
Lithologically  this  rock  resembles  Cambrian  schists  near  Tokop,  and 
although  possibly  of  pre-Cambrian  age  it  is  tentatively  correlated 
with  the  Cambrian. 

Eureka  quartzite, — A  hillock  rising  from  the  rhyolite  to  the 
southeast  of  the  limestone  last  described  and  a  hill  2  miles  south  of 
Indian  ranch  are  formed  of  quartzite  interbedded  with  shale.  Frag- 
ments of  similar  shale  are  included  in  Tertiary  rhyolite  3J  miles 
northeast  of  Bullfrog.  The  Eureka  quartzite  of  Bare  Mountain 
extends  across  Amargosa  River  novthwest  of  (iold  (Vnter.  The 
quartzite  of  the  hills  first  mentioned  is  gray,  pink,  or  white  in  color, 
and  of  fine  to  medium  grain.     It  appears  to  be  a  practically  pure 


•  Oral  communication. 
Bull.  308—07  M 12 
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quartzose  rock,  many  portions  of  which  are  finely  laminated.  Asso- 
ciated with  it  are  minor  bands  of  brown,  greenish,  or  purplish-gray 
shale,  the  laminae  of  which  are  in  places  paper  thin.  The  quartzite 
apparently  underlies  the  limestone  south  of  Indian  ranch  and  litho- 
logically  resembles  the  Eureka  quartzite  (Ordovician). 

Lone  Mountain  limestone, — Small  bodies  of  limestone,  in  part,  at 
least,  of  Silurian  age,  protrude  from  the  Tertiary  lavas  and  Recent 
gravels  at  four  pointy— 3  miles  west  of  Bullfrog,  three-fourths  mile 
southwest  of  the  Gold  Bar  mine,  and  1^  miles  south  and  2^  miles 
southeast  of  Indian  ranch.  The  limestone  is  dark  gray,  dense,  and 
of  medium  grain.  Finer  grained  facies  closely  resemble  litho- 
graphic limestone.  Interbedded  with  the  normal  type  are  layers 
of  intraformational  conglomerate.  Thin  seams  of  calcite  locally 
cut  the  limestone  in  all  directions.  The  limestone  IJ  miles  south  of 
Indian  ranch  clearly  overlies  a  quartrite  which  is  probably  the 
Eureka  quartzite;  if  so  this  is  the  Lone  Mountain  limestone.  More- 
over, Mr.  G.  H.  Garrey  collected  from  the  limestone  inlier  4  miles 
northwest  of  Bullfrog  a  number  of  fossils  which  Mr.  E.  O.  Ulrich 
states  are  of  Silurian  age. 

Siehert  lake  beds. — One  mile  north  of  Crystal  Spring  is  a  small 
outcrop  of  an  arkose  conglomerate.  The  well-rounded  pebbles, 
which  reach  a  diameter  of  1  foot,  consist  of  quartzite,  jasperoid, 
limestone,  and  medium-grained  biotite  granite.  The  first  three  are 
derived  from  Paleozoic  rocks,  while  the  granite  resembles  many 
post-Jurassic  granites.  The  conglomerate  is  lithologically  similar  to 
the  more  conglomeratic  of  the  Siebert  lake  beds  of  the  Amargosa 
Range,  and  may  well  be  contemporaneous  Avith  it.  If  such  is  the 
case'  the  shore  line  of  the  lake  must  have  been  near  Bullfrog.  The 
relative  ages  of  the  rhyolite  and  the  lake  beds  are  unknown. 

Older  alluvium, — On  the  northeastern  face  of  the  Bullfrog  Hills 
and  across  Amargosa  River  to  the  east  are  hills  and  terraces  dis- 
sected by  the  present  streams.  These  hills  and  terraces  are 
formed  of  detrital  material  similar  to  that  now  being  deposited  in 
stream  beds  and  on  the  alluvial  slopes.  The  deposits  were  made 
while  Amargosa  River  was  at  a  higher  level  and  presumably  are 
alluvial  slope  deposits  of  the  older  alluvium.  Basalt  bowlders  (pre- 
sumably of  Pliocene-Pleistocene  age)  are  contained  in  the  upper 
portion  of  the  beds. 

IGNEOUS    BOCKS. 

Post-Jurassic  pegmatite  and  alasMte, — Pegmatite  with  alaskite 
occurs  with  the  pre-Silurian  schist  west  of  Bullfrog  and  dikes  of  l>eg- 
matite  cut  the  Eureka  quartzite  near  Gold  Center.  (See  p.  155.)  West 
of  Bullfrog  the  pegmatite  grades  into  alaskite,  but  the  former  rock  is 
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predominant.  The  most  widely  distributed  fades  of  pegmatite  is 
formed  of  white  feldspar,  less  muscovite,  still  less  smoky  quartz, 
and  a  little  pyrite. '  The  largest  feldspar  individuals  reach  a  diam- 
eter of  4  inches,  while  muscovite  is  in  aggregates  of  plates  from  one- 
fourth  to  1  inch  across.  Quartz  veins  of  pegmatitic  origin  are  also 
present  and  similar  veins,  probably  of  the  same  origin,  cut  the  more 
feldspathic  pegmatite.  From  this  it  is  probable  that  a  rock  of 
granitic  composition  separated  from  the  magma  and  at  a  later  period 
a  more  quartzose  rock  was  deposited  from  the  residual  liquid  in 
fractures  in  the  older  pegmatite.  Lens-like  veins  of  practically  pure 
white  feldspar  grade  on  the  one  hand  into  normal  pegmatite,  and 
on  the  other  into  the  eyelike  areas  of  the  schist  already  mentioned. 

The  associated  alaskite  is  a  white,  medium-grained  rock  composed 
of  quartz  and  feldspar,  with  muscovite  and  a  little  altered  biotite. 
The  quartz  and  orthoclase  grains  are  micropegmatitically  inter- 
grown  along  their  borders  and  the  biotite  shreds  are  largely  chlori- 
tized.  Accessory  minerals  are  not  abundant,  but  include  apatite, 
zircon,  and  magnetite,  and  apparently  tourmaline.  In  the  hand 
specimen  the  rock  is  considerably  mashed  and  the  microscope  shows 
phenomena  of  granulation  and  recrystallization,  including  the  depo- 
sition of  muscovite,  derived  from  feldspar,  in  fractures. 

The  pegmatite  and  alaskite  inject  the  schist  bed  by  bed,  although 
in  rare  instances  the  planes  of  schistosity  are  crossed.  The  wider  peg- 
matitic bands  are  100  or  more  feet  thick,  while  the  thinner  pegma- 
titic layers  are  but  one-fourth  inch  wide,  and  many  of  them  are  sepa- 
rated only  by  an  equal  thickness  of  schist.  The  pegmatite  cuts 
schists  probably  of  pre-Silurian  age  and  is  older  than  the  unmashed 
rhyolite  of  Tertiary  age.  On  lithologic  grounds  its  age  is  provi- 
sionally believed  to  be  post-Jurassic  and  pre-Tertiary. 

Pre-Tertidfy  diorite  porphyry. — A  few  narrow  dikes  of  diorite 
porphyry  cut  the  pegmatite  and  schist  3  miles  west  of  Bullfrog.  The 
diorite  porphyry  is  a  dark  grayish-green  rock  speckled  with  tiny 
white  areas,  and  is  evidently  composed  predominantly  of  a  ferro- 
magnesian  mineral  and  feldspar.  The  rock  has  a  medium-grained 
microgranitic  groundmass  of  plagioclase,  orthoclase,  and  some 
quartz.  Columns  of  brown  hornblende  are  very  numerous,  while 
larger  phenocrysts  of  sericitized  plagioclase  are  fewer.  The  acces- 
sory minerals,  titanite,  apatite,  and  magnetite,  are  very  abundant. 
Epidote  and  chlorite  are  developed  from  hornblende  or  from  horn- 
blende and  plagioclase.  This  rock  is,  without  much  doubt,  to  be 
correlated  with  the  pre-Tertiary  diorite  porphyry  widely  distributed 
in  the  mountains  on  the  western  border  of  the  area  surveyed.  (See 
p.  31.) 

Biotite  andeinte. — A  hill  2  miles  northwest  of  Howell  ranch  and 
a  soiall  knob  rising  from  the  older  alluvium  three-fourths  of  a  mile 
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south  of  Indian  ranch  are  of  biotite  andesite.  This  is  a  dense,  flinty 
or  lithoidal  rock  of  medium,  pinkish,  or  purplish  gray  color. 
Black  glassy  facies  are  lass  common.  The  small  phenocrysts,  feld- 
spar laths,  with  slightly  fewer  black  mica  plates  are  subordinate  to 
the  groundmass  in  bulk.  The  feldspars  are  usually  altered,  but  in 
some  instances  they  are  glassy  and  twinning  striations  are  visible. 
From  the  bedded  disposition  of  the  various  textural  facies  and  the 
flow  orientation,  visible  in  many  of  the  phenocrysts,  the  biotite  ande- 
site is  probably  a  flow  considerably  eroded  and  masked  by  coverings 
of  later  formations.  The  groundmass  under  the  microscope  is  seen 
to  consist  of  a  felt  of  plagioclase  laths  in  a  somewhat  devitrified 
glass  (hyalopilitic).  Besides  the  simple  laths  of  plagioclase,  usu- 
ally showing  Carlsbad  twinning,  and  the  slightly  bleached  biotites, 
a  rare  orthoclase  phenocryst  is  present,  while  certain  ill-defined 
pseudomorphs,  largely  of  serpentine,  have  the  crystal  outlines  of 
hornblende.     Ilmenite  and  apatite  are  present  as  accessory  minerals. 

On  the  west  side  of  the  hill  northwest  of  Howell  ranch  much- 
altered  pebbles  and  fragments  of  andesite  are  included  in  a  tuffa- 
ceous  member  of  the  rhyolite  series,  and  between  the  outflows  of  the 
two  lavas  there  was  apparently  an  erosion  interval.  The  andesite  is 
probably  of  late  Eocene  age,  and  is  similar  to  and  probably  contem- 
poraneous with  the  biotite  andesite  of  the  Amargosa  Range. 

Rhyolite, — The  predominant  formation  of  the  Bullfrog  Hills  is  a 
series  of  rhyolite  flows.  The  most  widely  distributed  facies  is  a 
lithoidal  rhyolite  of  gray,  pink,  or  purple  color.  The  medium- 
sized  phenocrysts,  which  usually  exceed  the  groundmass  in  bulk, 
consist  of  glassy  unstriated  feldspar,  slightly  smoky  quartz,  and  in 
many  places  biotite.  Hornblende  is  also  locally  present.  Less 
widely  distributed  types  include  aphanitic  rocks  with  varicolored 
flow  banding,  resembling  slaty  shales;  brown  or  greenish  glasses, 
with  or  w^ithout  phenocrysts,  and  gray  glasses  with  perlitic  parting 
well  developed.  Interbedded  with  the  other  members  of  the  rhyo- 
lite series  are  rhyolitic  sandstones  and  conglomerates,  while  Messrs. 
Ransome,  Emmons,  and  Garrey  found  a  thin  limestone  lens  in  the 
series.  Through  metamorphism,  kaolinized  and  silicified  facies  arise. 
(See  p.  47.) 

The  rhyolite  is  a  series  of  igneous  flows,  with  minor  intercalated 
beds  of  sedimentary  rocks,  in  part  de[)osited  under  water  and  in  part 
subaerially.  Where  the  flows  are  thick  the  rhyolite  rn  places 
weathers  into  bosses  and  low  domes,  but  for  the  most  part  the  vary- 
ing resistances  of  the  different  flows  to  erosion  give  a  bench  and  cliff 
character  to  the  topography. 

This  rhyolite,  which  contains  fragments  of  Paleozoic  rocks  and 
biotite  andesite,  on  lithologic  and  structural  grounds  is  correlated 
with  the  earlier  rhyolite  of  the  Amargosa  and  Kawich  ranges.  It  is 
probably  of  early  Miocene  age. 
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Earlier  basalt. — Interbedded  with  the  rhyolite  series  in  the  Bull- 
frog district  are  several  thin  flows  of  basalt,  and  the  latest  of  these 
is  also  found  in  the  surrounding  hills  near  the  boundary  of  the  special 
area.  Dacite  usually  lies  on  the  basalt  and  is  evidently  a  later  flow  of 
a  practically  continuous  period  of  extrusion.  The  basalt  is  a  dark- 
gray  or  blue-black  dense  rock  containing  numerous  laths  of  glassy 
striated  feldspar  and  here  and  there  a  suggestion  of  an  olivine  or 
pyroxene  phenocryst.  Vesicular  facies  are  common,  and  with  the 
introduction  of  vesicles  much  of  the  rock  takes  on  a  red  tinge.  A 
single  thin  section  examined  proved  to  be  an  olivine  basalt,  with 
plagioclase,  augite,  and  olivine  phenocrysts  in  a  groundmass  com- 
posed of  glass  and  tiny  crystals  of  plagioclase,  pyroxene,  and  iron 
ore  (hyalopilitic). 

Dacite  is  well  exposed  1  mile  southwest  of  Indian  Spring.  It  is  a 
purplish-gray  rock,  with  dense  groundmass  and  abundant  pheno- 
crysts, including  glassy  striated  feldspar,  black  mica,  and  quartz. 
The  feldspars  very  in  size  from  one-sixteenth  to  1  inch,  the  larger 
ones  usually  showing  well-developed  zonal  growth.  The  quartz 
crystals  reach  a  maxinmm  diameter  of  one-fourth  inch.  Under  the 
microscope  the  groundmass  is  seen  to  be  a  glass  containing  many  tiny 
plagioclase  laths  (hyalopilitic).  Besides  the  phenocrysts  already 
mentioned,  augite  is  present,  while  aggregates  of  heavily  iron-stained 
serpentine  may  possibly  be  altered  olivine. 

Later  basalt. — Large  areas  of  later  basalt  cap  the  rhyolite  in  the 
northern  portion  of  the  hills  and  pass  into  northeastward-dipping 
mesas,  which  extend  toward  Pahute  Mesa.  The  basalt,  which  is  a 
dense  black  rock,  locally  vesicular,  lies  upon  the  eroded  surface  of 
the  early  Itfiocene  rhyolite.  It  is  similar  lithologically  to  and  ap- 
pears to  be  an  extension  of  the  Pahute  mesa  basalt,  and  is,  in  conse- 
quence, probably  of  late  Pliocene  age. 

BTKTTOTURS. 

The  isolated  inliers  of  Ordovician-Silurian  rocks  are  gently  folded 
and  somewhat  faulted.  Upon  the  major  folds  minor  flexures,  in  some 
eases  overturned  isoclinals,  are  superimposed.  The  folding  of  the 
Paleozoic  rocks  probably  occurred  largely  prior  to  Tertiary  time, 
although  the  supposed  Siebert  lake  beds  appear  to  l>e  conformable  in 
dip  with  the  Lone  Mountain  limestone.  The  rhyolite  throughout  the 
Bullfrog  Hills  is  a  mosaic  intersected  by  numerous  normal  faults. 
These  faults  have  been  worked  out  in  detail  by  Messrs.  Emmons  and 
Garrey  in  the  area  covered  by  the  Bullfrog  special  map.  The  work 
carried  on  under  the  direction  of  Mr.  F.  L.  Ransome  shows  that  the 
predominant  faults  trend  northeast,  while  a  second  set  trends  north 
and  south.    The  later  basalt  is  slightly  tilted  to  the  northeast. 


Digitized  by  VjOOQIC 


182  SOUTHWESTERN    NEVADA   AND   EASTERN    CALIFORNIA. 

EOOKOHIO  OEOLOOY. 

The  ore  deposits  of  Bullfrog  have  recently  been  described  by 
Ransome.**  He  shows  that  the  ore  occurs  in  and  along  fault  fissures 
in  silicified  or  kaolinized  rhyolite.  Silicification  and  kaolinization 
have  been  important  processes  of  metamorphism  throughout  the 
Bullfrog  Hills.  The  areas  outside  of  the  region  shown  on  the  Bull- 
frog special  map  m>  altered  are  delineated  in  fig.  4  (p.  43).  Both 
the  rhyolite  and  the  andesite  of  the  two  domelike  hills  northwest  of 
Howell  ranch  are  silicified,  and  in  addition  seams  of  chalcedonic 
quartz  fill  solution  cavities  and  fault  and  joint  fractures.  Other 
areas  of  silicified  rhyolite  are  situated  northwest  of  Crystal  Spring, 
west  of  Indian  Springs,  and  4  miles  south  of  eust  of  Currie  Well. 

GOLD    MOUNTAIN    RIDGE    AND   THE    HILLS   TO    THE    NORTH    OF    GRAPEVINE 

CANYON. 

TOPOORAPET  AHD  OBOORAPET. 

Gold  Mountain,  with  an  elevation  of  8,145  feet,  is  situated  on  a 
ridge  which  parallels  Slate  Ridge.  North  of  Tokop  the  two  ridges 
are  connected  by  low  hills.  The  Gold  Mountain  ridge  lies  to  the  south 
of  Oriental  Wash  and  to  the  east  of  Death  Valley.  In  the  vicinity  of 
Gold  Mountain  the  ridge  is  rugged  and  steep,  being  formed  of  sharp 
peaks  and  V-shaped  valleys.  Strikingly  distinct  from  the  other 
summits  is  the  basalt-capped  butte  northeast  of  Old  Camp.  A  num- 
ber of  northeast-southwest  ridges  northwest  of  Grapevine  Canyon 
are  joined  to  Gold  Mountain  on  the  south  or  are  isolated  in  the  desert 
gravels  near  by.  These  ridges,  which  parallel  the  trend  of  the  Gold 
Mountain  ridge,  are  here  included  in  its  description.  On  the  other 
hand,  the  mountain  front  north  of  Grapevine  Canyon,  northeast  of 
Death  Valley,  and  southwest  of  the  California-Nevada  line  is  struc- 
turally an  extension  of  the  Amargosa  Range. 

The  distributive  drainage  characteristic  of  arid  regions  is  well  ex- 
emplified in  these  hills.  Fragmental  material  from  the  Gold  Moun- 
tain ridge  near  the  Rattlesnake  mine  has  reached  lower  levels  by  three 
distinct  channels.  A  portion  of  the  gravels  moved  to  the  southeast 
and  found  lodgment  either  around  the  playa  in  Grapevine  Canyon 
or  was  washed  out  into  Sarcobatus  Flat  near  Thorp's  mill.  A  second 
portion  traveled  south  4  miles,  north  of  east  2  miles,  and  then  south 
around  the  hill  at  the  junction  of  the  county  line  and  parallel  37°  15'. 
The  material  eventually  mingled  with  that  which  took  the  more  direct 
route  already  described.  A  third  portion  did  not  swing  around  the 
hill  just  mentioned,  but  continued  north  of  east  into  Sarcobatus  Flat. 
Probably  at  any  one  time  but  a  single  channel  was  used,  but  in  com- 
paratively recent  times  all  three  have  been  used. 

•RoDBome,  F.  L.»  Bull.  U.  S.  Geol.  Survey  No.  303   (in  preM). 
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Juniper  and  pinon  cover  the  crest  of  the  Gold  Mountain  ridge,  the 
timber  line  being  on  the  6,200-foot  contour  on  the  south  and  on  the 
6,700-foot  contour  on  the  north  side  of  the  ridge.  Yucca  groves  are 
sporadically  distributed  over  the  rhyolite  and  basalt  flows  to  the 
south  of  the  main  ridge,  while  a  fair  growth  of  grass  covers  Gold 
Mountain  and  the  surrounding  hills.  The  main  ridge  on  which 
Gold  Mountain  is  situated  is  well  watered.  Tunnels  and  wells  in  the 
vicinity  of  Old  Camp  strike  w^ater  at  depths  varying  from  50  to  75 
feet.  The  water  in  some  cases  appears  to  flow  from  crevices  in  gran- 
ite and  in  others  to  seep  from  the  overlying  soil.  Two  wells  located 
in  Cambrian  sedimentary  rocks  1  mile  east  and  northeast  of  Tokop 
are  about  20  feet  deep.  The  water  is  said  to  come  from  rock  crevices. 
The  water  of  Sand  Spring,  west  of  the  boundary  of  the  area  here 
discussed,  in  Death  Valley,  is  rather  strongly  impregnated  with  sul- 
phur, but  is  nevertheless  usable. 

OEKERAL  OEOLOOY. 

The  formations  exposed  in  the  Gold  Mountain  ridge  and  the  adja- 
cent hills,  from  the  base  up,  are  as  follows:  Cambrian  sedimentary 
rocks,  quartz-monzonite  porphyry,  post-Jurassic  granite,  pre-Tertiary 
diorite  porphyry,  rhyolite,  and  basalt. 

SEDIMENTABY   BOCKS. 

Cambrian. — Cambrian  rocks  form  the  rugged  ridge  northeast  of 
Tokop  and  the  western  front  of  the  ridge  facing  Death  Valley.  A 
thin  band  of  Cambrian  rocks  rims  the  southern  border  of  the  gran- 
ite batholith  which  forms  the  central  portion  of  the  main  ridge. 
These  narrow  Cambrian  masses  between  the  granite  and  the  Tertiary 
rhyolite  are  due  to  the  fact  that  resistance  to  late  Mesozoic  and  early 
Tertiary  erosion  was  greater  in  the  granite  and  the  adjacent  meta- 
morphosed Cambrian  rocks  than  in  the  unmetamorphosed  Cambrian 
rocks.  Large  inclusions  of  Cambrian  schist  and  metamorphosed 
limestone  are  sporadically  distributed  in  the  granite,  while  small 
fragments  are  widely  distributed  in  both  granite  and  rhyolite. 

The  Cambrian  rocks  of  the  Gold  Mountain  ridge  include  inter- 
bedded  metamorphosed  shales  and  impure  limestones  and  calcareous 
sediments^  The  amount  of  metamorphism  suffered  by  these  rocks 
decreases  with  increase  of  distance  from  the  granite  batholith.  .  Argil- 
laceous rocks  are  widely  distributed,  although  they  do  not  appear  to 
be  present  at  the  extreme  west  end  of  the  range.  They  include  fine- 
grained, well-banded  slates  of  black  to  light-gray  color  and  biotite 
schists  both  with  and  without  knotlike  aggregates  of  biotite. 

Limestone  and  calcareous  sediments  are  represented  by  white  and 
gray  marbles  of  medium  to  coarse  grain  and  by  lime-silicate  rocks 
in  which  brown  garnet,  vesuvianite,  epidote,  tremolite,  chlorite,  and 
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serpentine  are  developed.  These  rocks  are  usually  well  banded. 
One  of  the  striking  types  is  composed  of  layers  of  brown  garnet  and 
white  quartz,  alternating  with  fine-grained  bands  of  quartz,  epidote, 
and  other  silicate  minerals  in  which  large  crystals  of  brown  garnel 
are  locally  embedded.  Garnet  also  occurs  in  veins  cutting  the  rocks, 
indicating  a  second  recrystallization  of  that  mineral.  A  single  speci- 
men of  the  banded  rock  examined  under  the  microscope  proved  to  be 
an  uneven-grained,  banded  rock.  The  contemporaneous  constituents 
of  recrystallization  include  slightly  brownish  garnets,  quartz,  epidote, 
zoisite,  tremolite,  calcite,  orthoclase,  and  plagioclase  (oligoclase  and 
andesine),  in  places  showing  Carlsbad  twinning.  Apatite  and  titan- 
ite  are  present  as  accessories  and  sericite  and  chlorite  as  secondary 
minerals  derived  from  the  feldspars.  At  the  west  end  of  the  Gold 
Mountain  ridge  bands  and  lenses  of  brown  garnet  rock  up  to  30  feet 
in  thickness  are  interl)edded  with  white  and  canary-yellow  marble. 
Crystals  of  garnet  also  occur  in  the  numerous  interstices  of  the 
weathered  surface. 

These  metamorphosed  sedimentary  rocks  are  similar  to  those 
of  Slate  Ridge,  which  grade  into  less  metamorphosed  facias,  probably 
of  Lower  Cambrian  age. 

IGNEOUS   BOCKS. 

Qnartz-monzonite  porphyry, — The  granite,  particularly  near  Old 
Camp,  contains  inclusions  up  to  1  foot  in  diameter  of  a  fine-grained, 
medium-gray  igneous  rock,  formed  of  biotite  and  white  feldspar,  in 
which  are  rather  sparse  phenocrysts  of  pink  orthoclase  reaching  a 
maximum  length  of  one-half  inch,  smoky  quartz  grains  one-fourth 
inch  in  diameter,  and  smaller  biotite  plates.  Under  the  microscope 
the  groundmass  is  seen  to  be  hypidiomorphic  granular  and  to  consist 
of  grains  of  orthoclase  and  partial  crystals  of  plagioclase  (oligoclase) 
and  biotite,  with  a  little  quartz.  Magnetite,  titanite,  zircon,  and 
apatite  are  abundant  accessory  minerals.  The  phenocrysts  are  ortho- 
clase, much  of  it  zonally  grown,  quartz,  biotite,  and  more  rarely 
plagioclase.  Similar  inclusions  occur  in  a  number  of  the  post- 
Jurassic  granular  rocks  in  other  portions  of  the  area,  but  beyond  the 
fact  that  the  quartz-monzonite  porphyry  is  older  than  the  granite, 
its  age  is  unknown. 

Post-Jurassic  granite. — The  central  portion  of  the  Gold  Mountain 
ridge  is  a  mass  of  granite  which  prior  to  the  formation  of  Oriental 
Wash  was  probably  connected  with  the  granite  batholith  at  the  west 
end  of  Slate  Ridge.  The  smaller  area  of  granite  8  miles  west  of  Gold 
Mountain  was  also  perhaps  at  one  time  connected  with  the  Slate 
Ridge  batholith.  Dikes  and  apophyses  extend  from  the  main  mass 
into  the  Cambrian  rocks. 
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The  predominant  type  in  the  vicinity  of  Gold  Mountain  is  an 
uneven-grained,  coan^,  pink  biotite  granite.  The  constituents  are 
pink  feldspar,  locally  in  good  crystals  one-half  inch  long  which  show 
Carlsbad  twinning,  slightly  smoky  quartz,  and  black  biotite.  Micro- 
scopic examination  shows  this  granite  to  be  formed  of  quartz,  micro- 
cline,  microperthitic  orthoclase  (in  some  specimens),  oligoclase,  bio- 
tite, and  magnetite.  Quartz  shows  strong  undulose  extinction.  Seri- 
cite  and  kaolin  are  alteration  products  of  the  feldspars.  The  granite 
at  the  west  end  of  the  ridge  is  more  variable  in  character,  the  most 
abundant  type  being  a  fine-  to  medium-grained  gray  biotite  granite. 
This  is  composed  of  quartz,  orthoclase,  plagioclase,  and  biotite,  with 
titanite,  magnetite,  muscovite,  zircon,  and  apatite  as  accessory  min- 
erals. Plagioclase  (oligoclase)  occurs  in  rude  laths.  The  coarse  pink 
variety  of  (lold  Mountain  is  also  present,  and  it  grades  into  a  gray 
granite  porphyry,  with  fine-grained  groundmass  of  quartz,  biotite, 
and  feldspar.  The  phenocrysts,  which  reach  a  maximum  length  of 
one-half  inch,  are  tabular  gray  feldspars  rimmed  by  white  bands, 
some  of  them  Carlsbad  twinned ;  rounded,  strongly  smoky  quartz,  and 
hexagonal  biotite.  The  microscope  shows  that  this  granite  porphyry 
has  a  hypidiomorphic  groundmass,  composed  of  orthoclase,  quartz, 
biotite,  and  plagioclase,  with  magnetite,  apatite,  and  titanite  as  acces- 
sory minerals.  Quartz  in  this  granite  is  notably  variable,  being  abun- 
dant in  some  outcrops  and  inconspicuous  in  others.  With  decrease  in 
quartz  the  normal  granite  porphyry  grades  into  a  quartz-poor  horn- 
blende-bearing porphyry  in  which  some  pink  feldspar  phenocrysts 
are  1  inch  long.  Under  the  microscope  this  proves  to  be  a  quartz- 
monzonite  porphyry,  with  rare  tabular  microcline  and  orthoclase  and 
lath-shaped  plagioclase  phenocrysts.  The  groundmass,  which  is 
allotriomorphic  granular,  is  composed  of  quartz,  biotite,  hornblende, 
orthoclase,  and  plagioclase.  The  accessory  minerals  are  titanite, 
apatite,  zircon,  and  magnetite.  A  little  epidote  is  secondary  to  horn- 
blende and  biotite. 

Both  areas  of  granite  are  cut  by  dikes  of  a  fine-grained  pink  apatite, 
in  some  places  as  rich  in  biotite  as  the  granite  and  in  others  poor  in 
this  mineral.  The  granite  is  also  cut  by  coarse  pegmatite  dikes  and 
grades  into  similar  pegmatitic  masses.  Graphic  granite  is  not  un- 
common and  at  many  points  is  the  transition  facies  between  granite 
and  coarsely  crystalline  pegmatite.  The  aplite  is,  as  a  rule,  older 
than  the  pegmatite,  although  in  one  case  an  aplitic  dike  passes  along 
its  strike  into  a  dike  with  narrow  aplitic  border  and  pegmatitic  center. 

The  yellowish  outcrops  of  granite  at  the  base  of  the  ridge  are  dis- 
continuous, being,  as  a  rule,  mere  heaps  of  bowiders  partially  buried 
in  granite  soiL  The  outcrops  near  the  crest  are  much  more  continu- 
ous.   The  granite  intrudes  Cambrian  sediments,  and  rhyolite  flows 
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of  Miocene  age  lie  upon  its  eroded  surface.  Its  age  is  in  consequence 
post-Cambrian  and  pre-Tertiary.  The  granite  is  also  cut  by  dikes  of 
diorite  porphyry  presumably  of  pre-Tertiary  age.  It  is  probably  of 
post-Jurassic  age. 

Diorite  porphyry. — Dikes  of  diorite  porphyry  reaching  a  maximum 
observecf  width  of  40  feet  cut  the  Cambrian  rocks  and  the  granite  of 
the  Gold  Mountain  ridge.  The  rock  is  greenish  in  color,  contains 
abundant  phenocrysts  of  white  altered  feldspar,  and  tends  to  weather 
into  spheroidal  bowlders.     It  is  probably  of  pre-Tertiary  age. 

Rhyolite. — The  hills  to  the  southwest  of  Gold  Mountain,  the  ridge 
east  of  the  Rattlesnake  mine,  a  number  of  isolated  hills  and  ridges  to 
the  east,  south,  and  southwest  of  the  latter  ridge,  and  a  small  area 
northwest  of  the  granite  at  the  west  end  of  the  Gold  Mountain  ridgo 
are  composed  of  rhyolite.  The  presence  of  a  small  outlier  of  rhyolite 
on  granite,  three-fourths  of  a  mile  southeast  of  Tokop,  indicates  that 
erosion  has  removed  considerable  portions  of  a  once  more  extensive 
rhyolite  flow. 

The  most  widely  distributed  type  is  a  lilac-gray  rock  of  lithoidal, 
in  places  rather  incoherent,  groundmass.  The  medium-sized  pheno- 
crysts, which  in  bulk  usually  equal  the  groundmass,  are  tabular  crys- 
tals of  glassy,  unstriated  feldspars,  often  showing  blue  and  purple 
color  plays,  and  rounded  grains  of  colorless  quartz.  Smaller  plates 
of  biotite  are  locally  present.  Pink,  purple,  and  red  facies  also  occur. 
Black  glassy  types  in  which  feldspar  greatly  predominates  over 
quartz,  to  judge  from  the  hand  specimen,  may  be  more  properly  called 
latite. 

Many  of  the  rhyolite  flows  are  flow  breccias,  containing  abundant 
inclusions  of  rhyolite  of  different  colors  and  textures.  Vesicular 
facies  showing  flow  lines  are  unusual.  Interbedded  with  the  rhyolites 
are  sandy  beds  which  contain  normal  feldspar  and  quartz  crystals 
and  rounded  rhyolite  pebbles.  These  are  contemporaneous  tuffs  of 
either  aqueous  or  subaerial  origin.  It  is  probable  that  minor  flows 
of  basalt  were  contemporaneous  with  those  of  rhyolite,  since  vesicular 
basalt  fragments  are  in  places  included  in  rhyolite. 

The  rhyolite  occurs  in  mesa-like  ridges  whose  top  is  often  coin- 
cident with  the  surface  of  a  resistant  rhyolite  flow.  This  rock  lies 
unconformably  upon  granite  and  Cambrian  limestope,  and  upon  its 
slightly  eroded  surface  basalt  flows  rest  in  turn.  The  rhyolite  is  to 
be  correlated  with  that  of  the  Amargosa  and  Kawich  ranges  and  the 
Bullfrog  Hills  and  is  probably  of  early  Miocene  age. 

Basalt, — Basalt  covers  the  butte  between  Old  Camp  and  Tokop  and 
occurs  in  two  small  areas  to  the  west  of  the  butte  and  in  a  number  of 
small  areas  11  miles  south  of  Gold  Mountain,  resting  upon  the  slightly 
eroded  rhyolite  surface.  The  basalt  of  the  butte  just  mentioned  is 
a  dense  dark-gray  flow  rock,  which  is  vesicular  along  some  bands. 
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This  rock,  like  some  of  the  basalt  of  the  Panamint  Range,  is  spotted 
by  areas  of  lighter  color.  The  phenocrysts,  which  are  small  and 
fairly    abundant,    include    striated    feldspar,  g 

glassy  green  olivine,  and  blackish-green  pyrox- 
The   basalt   breaks   down   into   rounded 


ene. 

bowlders  heavily  stained  by  iron  oxide.  It  is 
later  than  the  rhyolite  and  is  probably  contem- 
poraneous with  the  basalt  of  Slate  Ridge  and 
Mount  Jackson  and  of  late  Pliocene  or  early 
Pleistocene  age. 

8TB1T0TUEE. 

The  Cambrian  rocks  dip  steeply  away  from 
the  granite  batholith,  and  near-by  faults  and 
brecciation,  isoclinal  folds,  and  buckled  strata 
are  developed.  (See  fig.  16.)  At  a  distance 
from  the  granite  the  dips  become  less  pro- 
nounced, but  the  maas  of  granite  is  so  large  and 
the  Cambrian  masses  so  small  that  rather  high 
dips  are  characteristic  throughout  them.  The 
granite  is  cut  by  fault  and  joint  planes.  Prior 
to  the  outflow  of  the  rhyolite  and  basalt  the 
granite  and  Cambrian  rocks  had  a  topography 
somewhat  less  rugged  than  at  present,  but  the 
Gold  Mountain  ridge  appears  to  have  existed. 
Blocks  of  rhyolite  north  of  Grapevine  Canyon 
are  tilted  in  different  directions  by  normal 
faults,  the  majority  of  which  strike  northeast 
and  southwest. 
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The  Gold  Mountain  mining  district,  organ- 
ized January  25,  1868,  embraces  within  its  lim- 
its the  Gold  Mountain  and  Slate  ridges.  Mines 
have  been  worked  in  the  district  intermittently 
since  that  time,  and  several  mills  have  been 
built,  none  of  which  are  now  in  operation.  Old 
residents  estimate  the  total  product  of  the  dis- 
trist  as  $500,000,  the  concentrates  being  hauled 
by  wagons  to  Belmont  and  Austin,  Nev.  The 
mines  and  prospects  lie  in  the  more  highly  met- 
amorphosed Cambrian  rocks  and  in  granite, 
and  these  rocks  in  this  vicinity  are  probably 
most  favorable  for  prospecting.    The  contact  « 

of  the  rhyolite  and  granite  9  miles  south  of  west  of  Gold  Mountain  is 
in  places  altered  to  an  iron-stained,  incoherent  mass,  cemented  by 
chalcedonic  quartz,  and  this  contact  is  perhaps  worthy  of  examination. 
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OLD  CAMP. 


The  almost  deserted  village  of  Old  Camp,  near  Gold  Mountain, 
is  situated  30  miles  west  of  south  of  Goldfield  and  20  miles  southeast 
of  Lida.  Abandoned  mines  and  prospects  are  numerous  in  the  vicin- 
ity and  a  number  of  prospects  are  being  developed  2  or  3  miles  south 
of  the  village. 

The  Central  mine,  which  supplied  the  ore  used  in  the  mill  at  Old 
Camp,  may  be  taken  as  a  type  of  ore  deposits  in  the  granite  of  this 
region.  This  mine  is  situated  on  the  side  of  a  deep  gulch  1|  miles 
north  of  east  of  the  mill.  Five  tunnels,  with  an  average  length  of 
300  feet,  pierce  the  granite  and  all  are  situated  on  a  single  vein  or 
system  of  connecting  veins.  The  feldspars  of  the  granite  within  20 
feet  of  the  vein  are  considerably  kaolinized  and  the  biotite  is  bleached 
or  altered  to  a  sericitic  mineral.  The  quartz  vein,  or  rather  zone, 
within  which  the  numerous  connecting  quartz  veinlets  and  stringers 
occur,  is  from  IJ  to  6  feet  wide,  the  proportional  amount  of  quaii:^ 
increasing  with  the  narrowing  of  the  zone.  The  ordinary  veinlets 
are  from  2  to  5  inches  wide.  The  zone  also  contains  many  ellipsoidal 
and  globular  areas  of  quartz  which,  at  least  in  the  plane  of  observa- 
tion, are  independent  masses.  The  quartz  zone  in  some  places  changes 
its  direction  90°  within  100  feet.  While  minor  postmineral  faults 
are  common,  the  displacement  ranging  from  6  inches  to  7  feet,  the 
major  changes  in  strike  and  dip  are  evidently  parts  of  the  original 
structure. 

The  quartz  is  white  and  translucent  or  slightly  smoky,  with  a 
strong  vitreous  luster.  Vugs  with  inch-long  crystals  are  rather 
rare.  In  places  the  clear  quartz  seems  to  grade  into  a  gray  chalce- 
donic  form,  the  deposition  of  which  by  ordinary  waters  can  scarcely 
be  doubted.  Isolated  crystals  of  pyrite,  with  very  rare  crystals  of 
chalcopyrite  and  galena,  are  embedded  in  the  quartz,  while  the  former 
abundance  of  pyrite  in  particular  is  shown  by  numerous  iron-stained 
cavities  of  cubical  form.  Both  hematite  and  limonite  occur  in  the 
porous  quartz,  and  where  these  are  abundant  gold  values  rise.  An 
occasional  malachite  stain  and  a  cerussite  coating  are  also  present 
Dendrites  of  manganese  dioxide  occur  in  the  granite,  and  are  probably 
derived  from  the  alteration  of  the  granite  rather  than  from  a  de- 
composing gangue  mineral.  Horn  silver  is  reported  to  be  present  in 
small  amounts,  but  was  not  seen.  The  ore  is  free-milling,  the  arras- 
tres,  now  abandoned,  having  saved  about  75  per  cent  of  the  assay 
value.  Films  of  a  bluish-white  chalcedony  were  noted  at  a  number  of 
places.  Some  of  it  was  deposited  prior  to  the  oxidation  of  the  pyrite 
and  some  was  deposited  after  partial  or  complete  oxidation. 

While  the  quartz  is  rather  similar  to  the  quartz  of  pegmatitic 
origin  in  the  district,  and  the  form  of  the  ore  deposit  rather  suggests 
that  of  a  pegmatitic  dike,  the  apparent  gradation  into  chalcedony  indi- 
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cates  a  less  close  connection  with  waters  of  the  granitic  magma. 
Water  appears  to  have  filled  a  most  complex  zone  of  fracture  with 
quartz  and  sulphides,  the  gold  probably  being  originally  contained  in 
pyrite.  Later  oxidizing  waters  attacked  the  sulphides  and  altered 
them  to  oxides  and  carbonates,  setting  the  gold  free.  These  waters 
apparently  carried  some  silica  in  solution,  which  was  deposited  as 
chalcedony. 

The  mines  in  the  vicinity  of  Old  Camp  are  situated  near  water 
suflScient  for  mining  and  milling  purposes.  Timber  for  fuel  and 
mining  use  is  standing  within  2  or  3  miles.  The  railroad  terminus 
at  Goldfield  is  35  miles  distant. 

TOKOP. 

Tokop  is  4  miles  in  an  air  line  northeast  of  Old  Camp  and  25  miles 
by  road  west  of  south  of  Goldfield.  The  properties  of  the  Gold  Crest 
Mining  Company,  situated  three-fourths  of  a  mile  south  of  Tokop, 
were  exapiined  in  some  detail.  On  the  Ouida  claim  a  vertical  vein 
cuts  the  Cambrian  garnet-quartz-epidote  rock,  which  strikes  N.  10° 
E.  and  dips  20"^  W.  This  vein  is  1^  feet  wide  and  strikes  N.  80°  W. 
The  quartz  of  the  vein,  which  is  white  and  semitransparent,  has  been 
intensely  crushed,  and  the  fragments  have  been  cemented  by  hema- 
tite and  limonite.  Dendrites  of  manganese  oxide  also  occur.  Some 
portions  of  the  quartz  are  compact,  with  here  and  there  an  iron- 
pyrite  cube  unaltered,  while  other  portions  have  a  few  vugs  lined  with 
quartz  crystals  or  are  honeycombed  with  iron-pyrite  casts.  From 
the  fact  that  the  compact  varieties  are  refractory  and  the  honey- 
combed varieties  are  free-milling,  it  is  evident  that  the  gold  was  set 
free  by  the  alteration  of  the  pyrite.  A  mashed  greasy  phase  of  the 
garnet-quartz-epidote  rock  on  one  side  of  the  vein  is  said  to  pan,  but 
whether  pyrite  originally  occurred  in  the  metamorphosed  limestone 
or  whether  the  values  were  derived  from  the  surface  alteration  of 
the  quartz  vein  is  unknown. 

Angular  fragments  of  altered  limestone  and  shale  are  common 
near  the  borders  of  some  veins.  In  such  places  silicification  has  ex- 
tended into  the  limestone,  and  these  belts,  like  the  quartz  veins, 
weather  in  relief.  Such  veins  grade  into  sheared  and  brecciated 
zones  of  silicified  limestone,  and  these  again  are  reported  to  carry 
values. 

Another  vein  is  similar  to  the  vertical  vein  first  described,  but  the 
shattered  quartz  is  cemented  by  a  gray  chalcedonic  quartz.  Still 
another,  at  first  sight,  appears  crustified,  but  close  inspection  shows 
that  the  appearance  is  due  to  a  longitudinal  fracturing  of  the  vein 
and  subsequent  filling  by  limonite  and  chalcedonic  quartz.  Both 
forms  of  quartz  are  said  to  assay,  but  the  earlier  quartz  appears  to 
carry  both  the  sulphides  already  mentioned  and  slight  amounts  of 
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galena  as  noted  in  other  veins.  It  may  be  that  the  chalcedonic  quartz 
appears  to  carry  values  simply  because  sufficient  care  has  not  been 
taken  to  eliminate  the  older  quartz  from  samples. 

Limonite,  hematite,  cerussite,  free  gold,  and  a  little  malachite  were 
observed  as  secondary  minerals.  Probably  some  chalcopyrite  exists 
at  greater  depths.  One  of  the  last  changes  which  these  ore  deposits, 
like  those  of  Old  Camp,  have  undergone  is  the  local  deposition  of  a 
thin  film  of  bluish-white  chalcedony. 

The  contact  of  the  granite  and  limestone  here  probably  has  locally 
a  rather  gentle  dip,  and  deep  mines  in  limestone  near  the  contact  may 
encounter  granite.  Mr.  Joseph  Mackedon,  the  manager  of  the  Gold 
Crest  Mining  Company,  states  that  in  several  prospect  holes  the 
quartz  veins  have  past  from  metamorphosed  limestone  to  granite 
without  diminution  in  size  or  value.  ^  From  the  striking  resemblance 
of  these  veins  to  those  of  Old  Camp  this  is  to  be  expected. 

Similar  veins  of  iron-stained  quartz  carrying  gold  values  occur  at  a 
number  of  places  in  metamorphosed  Cambrian  rocks  around  Tokop. 

Waters  carrying  silica  and  metallic  salts  in  solution  appear  to  have 
deposited  these  substances  in  strong  fractures  which  extend,  in  some 
cases,  at  least,  into  the  granite.  The  country  rock  was  to  a  less  extent 
impregnated.  The  quartz  veins  were  subsequently  crushed  and  iron 
oxide  and  chalcedonic  silica  were  deposited  in  the  fractures.  Simul- 
taneously, probably,  iron  pyrite  was  dissolved  and  the  gold  set  free. 

Water  and  wood  for  mining  and  domestic  purposes  are  near  at 
hand,  and  the  distance  to  the  railroad  at  Goldfield  is  25  miles.  The 
Rattlesnake  mine,  near  the  properties  described,  appears  to  be  in  the 
same  rock  formation,  and  its  ore  deposits  and  those  of  Tokop  are  said 
to  be  similar.  Eight  or  ten  years  ago  the  Rattlesnake  produced^ 
$150,000,  and  recently  it  has  been  reopened.  The  veins  of  Tokop,  like 
those  of  Old  Camp,  seem  strong  and  will  probably  be  permanent  to 
such  depths  as  mining  is  possible.  With  depth,  however,  the  ore  will 
become  refractory  and  may  become  leaner. 

OBIENTAL    WASH. 

Several  prospects,  now  abandoned,  are  located  in  the  altered  lime- 
stone west  of  the  granite  area  at  the  west  end  of  the  Gold  Mountain 
ridge.  At  one  prospect  a  thin  quartz  vein  cuts  the  limestone.  Mala- 
chite, azurite,  chrysocoUa,  and  limonite-stained  chalcedonic  quartz 
occur  in  irregular  patches  and  veinlets  through  the  quartz.  Vugs 
occur  in  the  secondary  minerals,  and  the  azurite  and  malachite  are  in 
places  covered  with  numerous  quartz  crystals.  A  little  chalcopyrite 
is  embedded  in  the  oldest  quartz  and  cores  of  chalcopyrite  are  sur- 
rounded by  the  secondary  copper  minerals.'  A  vein  of  malachite  1 
inch  in  width,  apparently  replacing  the  limestone,  is  exposed  in 
another  prospect.    At  still  another  prospect,  in  association  with  mal- 
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achite,  azurite,  and  coral-red  opaline  quartz,  heavily  stained  by 
manganese  dioxide,  is  a  streak  from  1^  to  2  inches  wide  of  a  canary- 
yellow  granular  mineral  which  appears  to  replace  limestone.  Dr. 
W;  F.  Hillebrand  determined  this  mineral  to  be  chloropal,  a  hydrous 
iron  silicate.  The  general  resemblance  in  structural  relations  and 
mineralogic  composition  of  thevSe  deposits  to  those  near  the  granite  of 
the  Belted  Range  at  Oak  Spring  is  worthy  of  note.  The  nearest 
water  to  these  prospects  is  at  Sand  Spring,  6  miles  away,  and  fuel 
can  be  obtained  from  Gola  Mountain  within  10  miles.  By  road  the 
prospects  are  45  miles  from  the  railroad  terminus  at  Goldfield. 

SLATE   RIDGE. 
TOPOO&AFHT  AHS  GEOORAFHT. 

Slate  Ridge  lies  between  the  valley  south  of  Mount  Jackson  on  the 
north  and  Oriental  Wash  and  an  opposed  westward-reaching  arm 
of  Sarcobatus  Flat  on  the  south.  The  ridge  trends  a  little  north  of 
east,  and  near  its  middle  is  almost  severed  by  opposed  gravel-filled 
valleys.  West  of  the  Stateline  Mill  the  ridge  is  formed  of  a  number 
of  low  domelike  granite  hills,  which  reach  a  maximum  elevation  of 
G,500  feet.  The  hills  are  rather  gently  sloping  and  without  promi- 
nent rock  exposures.  From  a  distance  they  are  yellowish  gray  in 
color.  East  of  the  Stateline  Mill  the  rocks  are  largely  of  sedimen- 
tary origin  and  there  is  a  sharp  crest  line.  The  east  end  of  Slate 
Ridge  is  a  mesa  of  lava  flows  which  have  been  considerably  dis- 
sected. The  range  is  covered  by  a  sparse  growth  of  tree  yucca  and 
a  little  grass  grows  throughout  its  extent. 

OXHSRAL  OBOLOOY. 

The  formations  exposed  in  Slate  Ridge,  from  the  oldest  to  the 
youngest,  are  the  following:  Cambrian  sedimentary  rocks,  post- 
Jurassic  granite,  pre-Tertiary  quartz-monzonite  porphyry,  pre-Ter- 
tiary  diorite  porphyry,  earlier  rhyolite,  later  rhyolite,  and  basalt. 

SEDIMENTABT  BOCKS. 

Camhrian. — Cambrian  rocks  form  the  central  part  of  Slate  Ridge 
and  occur  in  numerous  areas  isolated  in  the  granite  in  its  west  end. 
Of  the  latter  some  are  clearly  inclusions  buoyed  up  by  the  granite 
magma,  while  others  may  perhaps  be  connected  with  larger  masses 
Ijeneath  the  surface.  Small  Cambrian  fragments  are  abundantly 
included  in  granite  and  the  earlier  rhyolite,  particularly  near  the 
contact  of  these  rocks  with  the  sediments. 

The  Cambrian  rocks  of  Slate  Ridge  are  little  metamorphosed  on 
the  road  between  Tokop  and  Goldfield.  Here  the  interbedded  series 
consists  of  paper-thin  olive-green  shales,  gray  limestones,  or  mag- 
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nesian  limestones,  usually  rather  thin  bedded,  and  some  impure  me- 
dium-grained quartzites*  of  purple,  gray,  or  white  color.  Rounded 
hills  of  gentle  slope  are  developed  in  these  slightly  metamorphosed 
rocks.  The  Cambrian  rocks  are  intensely  metamorphosed  near 
granite,  and  these  facies  have  been  described  in  the  section  on  the 
Gold  Mountain  ridge  (p.  183),  along  which  they  are  more  extensively 
developed. 

No  fossils  were  found  in  these  rockfe,  but  from  their  lithologic  simi- 
larity to  the  rocks  in  the  vicinity  of  Lida  and  Cuprite  they  are  with- 
out much  doubt  of  Lower  Cambrian  age. 

Later  tuffs. — Beneath  the  later  rhyolite  at  several  places  is  exposed 
a  thin  band  of  white  tuffaceous  sandstones,  possibly  to  be  correlated 
with  the  later  tuflfs  of  the  Goldfield  hills  and  Pahute  Mesa. 

IGNEOUS  BOCKS. 

Post-Jurassic  granite, — Granite  forms  a  considerable  batholith  on 
the  west  end  of  Slate  Ridge  and  smaller  intrusive  masses  and  dikes 
occur  in  the  Cambrian  rocks.  This  rock  is  a  coarse-grained  biotite 
granite  of  pinkish  tone.  The  pink  or  white  feldspar  and  slightly 
smoky  quartz  individuals  reach  a  maximum  diameter  of  one-half 
inch,  while  the  black  biotite  plates  are  smaller.  The  granite  tends  to 
weather  into  spherical  masses.  The  surface  of  these  bowlders  ap- 
peal's to  undergo  a  kind  of  cementation,  and  on  further  weathering 
the  hardened  surface  protrudes  beyond  the  soft  interior,  forming 
mushroom-like  forms.  The  granite  breaks  down  into  a  soil  of  the 
constituent  minerals  and  mechanical  disintegration  is  so  rapid  that 
recent  detrital  deposits  extend  as  broad  basins  well  up  into  the  hills. 
The  granite  is  cut  by  parallel  sheeting  in  certain  localities  and  on 
weathering  assumes  the  appearance  of  a  sedimentary  rock.  Micro- 
scopic examination  shows  the  texture  to  be  allotriomorphic.  The 
feldspar  is  orthoclase,  considerably  kaolinized  and  sericitized.  Zir- 
con and  magnetite  are  present  as  accessory  minerals. 

Dikes  of  fine-grained  biotite  aplite,  rather  more  siliceous  than  the 
granite,  cut  it,  and  these  on  weathering  protrude  from  the  granite 
mass.  The  granite  is  also  cut  by  dikes  and  in  turn  grades  into  irregu- 
lar masses  of  coarse-grained  pegmatite.  Some  quartz  veins  are  evi- 
dently of  pegmatitic  origin,  since  they  grade  into  less  siliceous  peg- 
matites. In  some  instances  microscopic  examination  shows  quartz 
individuals  at  the  contact  of  granite  and  pegmatite  to  be  common  to 
both  rocks.  At  the  Bullfrog-George  mine  fluorite  and  molybdenite 
occur  in  a  quartz  vein  which  is  without  much  doubt  of  pegmatitic 
origin.  Molybdenite  occurs  sporadically  in  small  tablets  and  irregu- 
lar areas  in  and  l)etween  the  quartz  individuals.  A  bright-yellow 
mineral  in  minute  crystals  and  tufted  aggregates,  apparently  sec- 
ondary to  molybdenite,  was  determined  by  Dr.  Waldemar  T.  Schaller 
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to  be  molybdite  (molybdenum  trioxide).  Purple  fluorite  occurs  in 
crevices  in  the  quartz,  and  fluorite  cubes  one-fourth  inch  in  diameter 
also  line  vugs  in  the  quartz.  Microscopic  examination  shows  that  the 
quartz  individuals  in  contact  with  fluorite  possess  sharp  outlines, 
showing  that  they  were  but  little  corroded  by  the  introduction  of  the 
fluorite,  which  is  probably  of  pneumatolitic  origin. 

The  granite  is  similar  lithologically  to  that  of  Gold  Mountain  and 
has  like  relations  to  the  Cambrian  rocks  and  the  Tertiary  rhyolite. 
It  is  probably  of  post- Jurassic  age. 

Pre-Tertiary  quartz-momonite  porphyry. — ^The  Cambrian  sedi- 
mentary rocks  on  the  road  from  Tokop  to  Goldfield  are  cut  by  dikes 
which  reach  a  maximum  width  of  40  feet.  The  rock  is  white  and 
dense  and  contains  a  few  feldspar  phenocrysts.  It  is  similar  to  the 
quartz-monzonite  porphyry  already  described  from  the  vicinity  of 
Lida  and,  like  it,  is  probably  genetically  related  to  the  granite. 

Pre-Tertiary  diorite  porphyry. — The  Cambrian  rocks  and  the  gran- 
ite are  cut  by  narrow  dikes  of  a  greenish-gray  much-altered  rock 
in  which  some  of  the  prominent  kaolinized  feldspar  phenocrysts  are 
one-half  inch  long.  This  is  probably  the  pre-Tertiary  diorite  por- 
phyry. 

Earlier  rhyolite. — The  earlier  rhyolite  forms  a  considerable  portion 
of  the  east  end  of  Slate  Ridge,  and  small  areas  of  it  occur,  widely  dis- 
tributed over  the  central  and  western  portions.  In  some  places  east  of 
the  BuUfrog-Goldfield  road  it  appears  from  a  distance  to  protrude 
from  the  later  rhyolite.  The  earlier  rhyolite  is  a  flow  rock  of  purple, 
gray,  or  white  color.  The  groundmass,  which  is  usually  lithoidal,  is 
equaled  in  bulk  by  the  medium-sized  phenocrysts  of  glassy  unstriated 
feldspar,  quartz,  and  biotite.  Semituffaceous  layers  are  interbedded 
with  the  flows  northeast  of  Tokop.  The  earlier  rhyolite  lies  upon 
the  eroded  surface  of  the  Cambrian  rocks  and  the  granites,  and  in 
turn  is  overlain  by  basalt  and  the  younger  rhyolite.  It  is  similar  to 
that  of  the  Amargosa  Range  and  is  probably  of  earlier  Miocene  age. 

Later  rhyolite. — ^The  dissected  mesa  at  the  east  end  of  Slate  Ridge 
and  a  number  of  outliers  in  the  recent  gravels  east  of  it  are  formed 
of  flows  of  rhyolitic  rocks.  This  later  rhyolite  has  a  dense  ground- 
mass  of  deep-brown  color,  in  which  are  abundant  glassy  feldspar 
phenocrysts;  in  some  facies  very  small  and  in  others  medium  sized. 
Microscopic  examination  proves  the  groundmass  to  be  a  brown  glass 
with  well-developed  flow  lines.  The  phenocrysts  are  orthoclase,  some- 
what corroded,  rare  and  small  greenish  augite  crystals,  and  very 
rare  quartz  grains.  While  this  rock  is  tentatively  here  called  a  rhyo- 
lite, chemical  analysis  might  prove  it  to  be  of  less  acidic  composition. 

Beneath  this  rhyolite  are  tuffaceous  sandstones  in  which  are  rhyo- 
lite pebbles.  This  is  probably  the  later  tuff  (Pliocene)  of  the  Gold- 
Boll.  308—07  M 13 
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field  hills.  The  rhyolite  immediately  above  the  sandstone  is  in  many 
places  vesicular  and  is  a  flow  breccia. 

This  rhyolite  is  similar  lithologically  to  the  later  rhyolite  of  the 
Goldfield  hills,  and  the  two  have  suflFered  equal  deformation.  They 
are  without  much  doubt  contemporaneous  lava  flows  of  Pliocene  age. 

Basalt. — Black  vesicular  basalt  occurs  in  a  number  of  small  outliers 
upon  the  Cambrian  rocks,  the  granite,  and  the  earlier  rhyolite  and  a? 
small  buttes  on  the  border  of  Slate  Ridge.  The  basalt  is  similar 
lithologically  to  that  of  Mount  Jackson  and,  like  it,  is  probably  of 
Pliocene  or  early  Pleistocene  age. 

BTBlTOTUJtX. 

The  Cambrian  rocks  at  a  distance  from  granitic  intrusions  lie  in 
gentle  folds  many  of  whose  axes  trend  northeast.  The  folding  is 
comparable  in  intensity  with  that  at  Cuprite  and  Lida.  On  the  other 
hand,  they  dip  steeply  away  from  the  granite  batholith  and  in  its 
vicinity  are  buckled  and  minor  isoclinal  folds  are  common.  (See  fig. 
16,  p.  187.)  It  is  evident  that  in  this  region  the  Cambrian  rocks  were 
folded  prior  to  the  intrusion  of  the  granite,  a  process  which  superim- 
posed upon  the  gentle  folds  complex  elements.  The  granite  is  cut 
by  normal  faults.  Since  the  Tertiary  rocks  were  formed  the  ridge 
has  suffered  domical  uplift,  centering  4  or  5  miles  east  of  the  State- 
line  Mill. 

ECOHOmO  OEOLO0T. 

Quartz  veins,  some  of  which  are  of  pegmatitic  origin,  cut  granite 
and  the  more  metamorphosed  Cambrian  rocks.  The  best  prospecting 
ground  is  the  granite  and  the  metamorphosed  limestone  and  shales  in 
its  vicinity.  In  the  late  sixties  mines  were  opened  on  Slate  Ridge  and 
considerable  ore  bodies  were  removed.  The  ledge  at  the  Stateline 
Mill,  now  abandoned,  is  said  to  have  been  20  feet  wide,  the  ore  averag- 
ing $40  per  ton  in  gold.  Recently  a  number  of  claims  have  been 
located  in  Slate  Ridge  and  development  work  is  now  hemg  done. 

The  Bullfrog-George  prospect  is  situated  on  the  side  of  a  domical 
granite  hill,  near  the  Lida-Old  Camp  road.  The  surrounding  hx\h 
are  cut  by  quartz  veins  which  weather  in  relief  and  can  be  traced  for 
long  distances.  Some  of  these  contain  feldspar  and  others  grade  into 
pegmatite  dikes.  The  Bullfrog-George  claims  are  situated  on  a 
quartz  vein  from  4  to  9  feet  wide,  which  is  traceable  for  about  a  quar- 
ter of  a  mile.  The  vein  is  vertical  and  strikes  N.  70°  W.  The  con- 
tact with  the  granite  is  in  some  places  gradational,  the  white  trans- 
lucent quartz  of  the  granite  passing  into  that  of  the  vein  without 
break.  In  other  places  the  granite  appears  to  have  been  shattered 
prior  to  the  deposition  of  the  quartz,  which  now  fills  linked  cavities 
in  the  granite.  The  feldspars  of  the  granite  within  4  feet  of  the  vein 
are  locally  much  kaolinized.    Apparently  isolated  in  the  quartz  are 
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small  areas  of  pyrite  and  chalcopyrite,  with  less  galena  and  chal- 
cocite  or  a  related  sulphide.  The  quartz  in  many  portions  is  intensely 
crushed,  this  crushing  perhaps  being  contemporaneous  with  faults 
which  cut  the  diorite-porphyry  dikes  of  the  vicinity.  The  crushed 
fragments  have  been  recemented  by  limonite  or  a  chalcedonic  quartz 
intensely  stained  by  limonite.  With  these  knife-edges  of  limonite 
and  in  limonite-stained  cavities  malachite,  cerussite,  and  traces  of 
azurite  occur.  Such  quartz  pans  free  gold,  and  coarse  pannings  were 
examined  from  the  heavily  iron-stained  contact  of  the  granite  and 
quartz.  At  the  east  end  of  the  quartz  veins  less  shattering  was  noted. 
Vugs  lined  with  quartz  crystals  are  common,  and  here  the  fluorite 
and  molybdenite  already  described  (see  p.  192)  occur. 

The  quartz  vein  itself  appears  to  be  a  pegmatite  which  crystallized 
while  portions  of  the  gi'anite  were  still  viscous  and  other  portions 
were  comparatively  solid.  Later,  faulting  occurred  and  the  vein 
was  crushed.  Since  then  limonite  and  chalcedonic  quartz  have  re- 
cemented  the  quartz  fragments.  The  period  at  which  the  sulphide 
mineralization  occurred  is  unknown.  The  molybdenite  and  fluorite 
are  probably  of  pegmatitic  origin,  while  the  sulphides  were  doubtless 
deposited  later.  Similar  quartz  from  other  prospects  on  the  ridge 
was  examined.    Where  iron  stained  it  is  said  to  carry  free  gold. 

Water  is  at  present  hauled  from  a  pipe  line  on  the  Lida-Old 
Camp  road,  9  miles  distant.  The  nearest  timber  grows  in  the  vicin- 
ity of  Old  Camp.  The  prospect  is  30  miles  from  the  railroad  termi- 
nus at  Goldfield. 

DEATH  VALLEY. 
TOFOORAPHY  AND  GEOOBAFHY. 

Death  Valley  is  a  deep  depression  lying  between  the  Panamint 
Range  on  the  west  and  the  Amargosa  Range  on  the  east.  The  valley, 
which  has  a  length  of  120  miles  and  a  width  varying  from  3  to  10 
miles,  unites  with  the  Amargosa  Desert  at  the  south  end  of  the 
Funeral  Mountains.  In  the  fifties  a  band  of  eighty  emigrants  are 
said  to  have  perished  here  and  the  valley  received  its  name  from  this 
tragedy.  In  the  Pahute  language  the  valley  is  called  Tomesha, 
meaning  "ground  afire."  Many  fantastic  stories,  most  of  them 
wholly  without  foundation,  center  in  Death  Valley.  Lives  have 
been  lost  from  year  to  year,  but  the  majority  of  such  sacrifices  have 
been  due  to  ignorance  of  desert  conditions.  In  July  and  August 
the  temperature  is  reported,  apparently  on  good  authority,  to  reach 
136°  F.,  and  in  summer  none  but  the  most  desert-hardened  men 
should  enter  the  valley.  In  winter  and  fall  the  climate  is  delightful. 
In  those  portions  of  the  valley  which  lie  beneath  sea  level  the  dry 
air  seems  heavy  and  the  brightest  days  are  sultry.     In  the  lower 
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portions  of  the  valley  no  animals  other  than  a  few  coyotes  live,  and 
the  oppressive  silence  is  unbroken.  Much  of  the  valley  is  absolutely 
without  vegetation  and  the  adjacent  mountain  slopes  are  equally 
bare.  Mesquite  grows  on  the  sand  area  west  of  Surveyors  and 
Stovepipe  wells  and  at  Mesquite  Spring.  The  upper  portions  of 
the  alluvial  slopes  have  here  and  there  a  sparse  growth  of  creosote 
bush  and  white  sage,  and  salt  grass  covers  restricted  areas  around 
the  wells. 

The  lowest  point  of  Death  Valley  within  the  area  mapped  is 
about  280  feet  below  the  sea  level,  but  15  miles  farther  south  the 
depression  is  at  least  125  feet  deeper.  The  mountain  ranges  on 
either  side  of  the  valley  are  from  6,000  to  8,900  feet  high,  and  in 
consequence  of  this  great  difference  in  elevation  the  slopes  are  steep 
and  wide  alluvial  cones  sweep  up  to  the  mouths  of  the  deeply  scored 
canyons.  The  floor  of  the  valley  is  diversified  by  numerous  hills 
and  low  ridges  of  Tertiary  sediments.  The  part  of  the  valley  lying 
north  of  a  low  ridge  at  the  head  of  Salt  Creek  is  sometimes  called 
Mesquite  Flat. 

A  large  sand  dune  occupies  the  bottom  of  Mesquite  Flat.  Most  of 
the  larger  sand  dunes  are  without  vegetation,  while  some  of  the 
smaller  ones  (20  feet  high  and  100  feet  in  diameter)  owe  their  exist- 
ence chiefly  to  the  protecting  influence  of  mesquite  and  similar 
vegetation  (PL  II,  5).  Death  Valley  is  the  only  portion  of  the  area 
surveyed  in  which  sand  storms  endanger  life.  The  area  mapped 
as  sand  contains  within  its  li«nits  many  small  areas  of  clay  and  is 
without  doubt  partially  under  water  in  times  of  excessive  floods.  In 
like  manner  the  playa  deposits  mapped  to  the  south,  north,  and 
east  of  the  sand  are  studded  with  minor  sand  dunes. 

South  of  Salt  Creek  the  center  of  the  valley  is  a  loamy  flat  covered 
with  salt  grass.  This  passes  gradually  southward  into  a  salt  marsh, 
4  miles  wide,  which,  according  to  Campbell,"  extends  about  25  miles 
south  of  the  area  mapped.  It  is  a  dirt-brown  flat,  containing  numer- 
ous channels  and  ponds  of  stagnant  or  gently  flowing  salt  water. 
The  soil  itself  is  heavily  impregnated  with  salts,  and  by  fractional 
recrystallization  the  margins  of  the  water  bodies  are  coated  with 
glittering  white  salt  deposits.  The  salt-cemented  soil  stands  up  in 
rugged  pinnacles  and  hummocks  from  6  to  18  inches  high.  Cawip- 
bell  ^  states  that  a  specimen  of  this  material  from  a  point  south  of 
Furnace  Creek  has  the  following  composition : 


•  Campbell,  M.  E.,  Ball.  U.  S.  Geol.  Survey  No.  200,  1002,  p.  18. 
»  Loc.  cit. 


Digitized  by  VjOOQIC 


DEATH   VALLEY,  GENERAL   GEOLOGY.  197 

Analysis  of  soil  from  Death  Valley. 

Per  cent 

Chloride  of  sodium 94.54 

Chloride  of  potassium .31 

Sulphate  of  sodium 3. 53 

Sulphate  of  calcium  (hydrous^ .79 

Moisture .  14 

Undissolved  residue  (gypsum  and  clay) .50 

99.81 
This  large  supply  of  salt,  while  at  present,  as  Campbell  states,  too 
impure  to  be  of  commercial  value,  may  in  the  future  be  economically 
important.  From  1883  to  1887  an  extensive  plant  extracted  borax 
from  the  salts  of  this  marsh,  but  on  the  discovery  of  extensive 
colemanite  deposits  in  the  Tertiary  lake  beds  on  Furnace  Creek  it 
was  closed  down.  Borax  is  also  reported  in  the  clay  of  the  plava 
2  miles  east  of  south  of  Surveyors  Well. 

Death  Valley  is  one  of  the  best  watered  areas  within  the  limits 
of  the  area  here  discussed,  and  the  water  for  the  most  part  is  good. 
Salt  Creek  and  the  warm  Indian  Springs  have  already  been  described 
(pp.  19,  20).  *  At  Stovepipe  Wells,  Surveyors  Well,  Ruiz  Well,  Salt 
Creek  Wells,  and  the  water  hole  on  the  Furnace  Creek  road,  1  mile 
north  of  the  boundary  of  this  area,  water  stands  in  shallow  holes  dug 
in  the  sand  and  clay.  The  water  of  the  last-named  hole  is  too  salt  for 
man's  use,  although  animals  will  drink  it.  Mesquite  Spring  is  a  small 
spring  in  Recent  gravels,  while  the  water  of  Cow  Creek  and  Triangle 
Spring  flows  from  Tertiary  lake  beds. 

OEmSRAL  OBOLO0T. 
SEDIMENTS. 

General  statement, — ^Two  sedimentary  series  much  later  in  age  than 
the  Paleozoic  rocks  of  the  Amargosa  and  Panamint  ranges  outcrop 
in  Death  Valley.  The  one  is  composed  of  coarser  fragmental  mate- 
rial, well  rounded,  and  appears  to  have  been  deposited  in  a  wave- 
swept  lake,  while  the  material  of  the  other  is  angular  or  subangular 
and  evidently  analogous  in  origin  to  the  present  alluvial  slopes  and 
fans.  Associated  with  each  are  finer  grained  clays  and  limestones — 
those  of  the  one  series,  lake  deposits;  those  of  the  other,  playa  de- 
posits. The  delineation  of  these  finer  deposits  on  the  map  is  in  many 
cases  probably  inaccurate.  The  lake  deposits  are  clearly  older  than 
those  of  the  playa  and  are  better  cemented  and  in  general  more 
drformed.  The  two  formations,  while  less  extensively  developed, 
are  much  more  easily  differentiated  on  the  east  side  of  the  Amargosa 
Range  and  in  the  adjoining  portions  of  the  Amargosa  Desert,  where 
the  detrital  and  playa  deposits  are  uncemented  angular  gravels,  clays, 
and  chemically  precipitated  limestones,  which  are  particularly  unde- 
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formec],  while  the  older  lake  beds  are  sandstones  and  well-rounded 
conglomerates  which  dip  at  high  angles.  Be- 
low Ash  Meadows,  in  the  Amargosa  Desert, 
Campbell**  found  evidence  that  the  detrital 
deposits  were  laid  down  after  the  folding  and 
elevation  of  the  lake  beds  into  the  Funeral 
Mountains.  The  time  gap  between  the  two  is 
considerable,  and  the  older  beds  are  tentatively 
considered  by  Campbell  ^  Eocene  and  the  others 
Pliocene.  It  is  believed,  however,  from  evi- 
dence obtained  in  the  Amargosa  Range,  that 
the  older  beds  are  probably  largely  as  late  as 
the  Miocene  and  that  they  may  be  the  shore 
deposits  of  Siebert  Lake,  while  the  presence  of 
basalt,  contemporaneous  with  the  upper  poi-tion 
of  the  younger  beds,  indicates  that  their  depo- 
sition  probably  extended  into  the  Pleistocene, 
The  later  beds  are  evidently  the  equivalent  of 
the  older  alluvium. 

Teivntoiy  lake  beds  {including  the  Siebert 
lake  beds). — The  Tertiary  lake  beds,  which  are 
a  northwesterly  extension  of  the  folded  Ter- 
tiary sediments  extending  across  the  Finieral 
Mountains  southwest  of  Furnace  Creek  ranch, 
are  confined,  in  the  area  surveyed,  to  the  east 
side  of  Death  Valley  near  the  boundary.  Nu- 
merous hills  of  these  beds  rise  alx)ve  the  Recent 
gravels,  and  the  scale  of  the  map  pennits  only 
an  approximate  representation  of  tlieir  com- 
plex distribution. 

The  Tertiary  lake  beds  consist  of  white, 
yellow,  and  green  consolidated  clays,  friable 
sandstones  wnth  ironstone  concretions,  rounded 
and  subangular  gravels,  and  thin  limestone 
lenses.  Much  of  the  clay  shows  sun  cracks 
and  ripple  marks,  indicating  that  the  lake  was 
at  times  shallow  and  even  dry.  The  subangular 
form  of  certain  of  the  gravels  indicates  that 
cloudbursts  at  times  spread  sheets  of  detrital 
deposits  over  the  lake  beds.  Colemanite  and 
other  chemical  precipitates  interbedded  with  {he 
other  deposits  were  laid  down  during  periods 
of   unusual   evaporation.     The   more   northerly 

hills  to  the  west  of  the  Daylight  Spring-Furnace  Creek  road  were 


>  c 

>^2 


'f 


«  Campbell,  M.  R.,  Bull.  U.  S.  Geol.  Survey  No.  200,  1002,  p.  10. 
*Loc.  cit. 
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not  visited  by  the  writer,  but  specimens  collected  by  Mr.  R.  H. 
Chapman  are  reddish-brown  conglomerates  and  conglomeratic  sand- 
stones with  rounded  pebbles.  The  pebbles,  which  reach  a  maximum 
diameter  of  2|  inches,  are  limestone,  quartzite,  and  schist  derived 
from  the  Amargosa  Range.  They  are  probably  members  of  the 
lake-bed  series. 

The  Tertiary  lake  beds  are  folded  into  open  folds,  usually  with 
northwest  axes.  (See  fig.  17.)  Joints  from  4  to  5  feet  apart  are 
developed. 

Older  alhivium, — Hills  of  the  older  alluvium  diversify  the  surface 
of  Death  Valley,  at  two  places  extend  a  considerable  distance  up  the 
Amargosa  Range,  and  form  the  north  end  of  the  Panamint  Range. 
In  the  large  sand  area  north  of  Salt  Creek  a  few  hillocks  of  slightly 
consolidated  clay  occur,  and  these  probably  indicate  the  former  ex- 
tension of  these  deposits  across  the  valley. 

The  road  from  Daylight  Spring  to  Stovepipe  Wells  passes  through 
a  desiccated  ridge  from  200  to  400  feet  high,  which  trends  northwest 
and  southeast  and  is  cut  by  antecedent  drainage  lines.  Xext  to  the 
Amargosa  Range  the  hills  are  composed  of  slightly  consolidated  beds 
of  angular  or  subangular  bowlders  and  bands  of  gravel  and  sand. 
Cross-bedding  and  local  unconformities  are  common.  Well-developed 
joints  form  buttresses  on  the  main  cliffs,  and  large  bowlders  crown 
many  of  the  high  pinnacles.  Within  one-half  mile  of  the  w^estern 
edge  of  the  hills  the  sand  beds  are  replaced  along  their  strike  by  clay, 
and  clay  layers  wedge  in  between  the  bowlder  beds.  At  the  western 
edge  of  the  hills  the  base  of  the  series  is  clay  and  the  top  boAvlder  beds. 
A  section  measured  2  miles  south  of  east  of  Stovepipe  Wells  is  as 
follows : 

Section  in  Death  VaUey  near  Stovepipe  Wells. 

Feet. 

Angular  bowlder  beds,  similar  to  those  of  tlie  present  alluvial  slopes 1.50+ 

Clay  and  bowlder  beds  In  equal  development 110 

Salmon-pink  clay  beds,  from  3  inches  to  3  feet  thick ;   a  few  layers  of  an- 
gular bowlders  interbedded 100 

At  Triangle  Spring  fine-grained,  dirty-brown  cellular  limestone 
is  interbedded  with  the  clays.  The  limestone  shows  desiccation  cracks. 
Compact,  fine-grained,  light-colored  limestone  and  caramel-brown 
mammillary  gypsum  also  occur  here.  The  beds  exposed  at  Salt  Creek 
include  yellow,  white,  and  green  clays,  with  here  and  there  a  thin 
bed  of  white  limestone.  Brownish  beds  of  angular  bowlders  consti- 
tute a  considerable  portion  of  the  upper  part  of  the  section.  The  long 
ribbon  of  these  deposits  near  the  Grapevine  Mountains  northeast  of 
Surveyors  Well  consists  of  tawny-yellow  clays  and  thin  beds  of  cel- 
lular limestone.  At  Grapevine  Springs  the  deposits  consist  of  lime- 
stones and  fine  clays.  The  clay  contained  crystal  aggregates  of  sel- 
enite.    The  limestone  is  white  or  gray  in  color  and  is  partly  compact 
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and  very  finely  laminated  and  partly  porous.  The  areas  in  the  mid- 
dle of  the  valley  northwest  of  these  springs  are  of  interest,  since  flows 
of  the  supposed  Pleistocene  basalt  are  interbedded  with  the  clay, 
while  other  layers  contain  bowlders  of  basalt.  In  some  places  the 
clay  beneath  the  basalt  has  been  reddened  and  slightly  baked.  These 
clay  beds,  which  are  well  up  in  the  section,  are  broadly  contempora- 
neous with  basalt  eruption. 

About  2,500  feet  of  the  older  alluvium  is  exposed  in  the  Amargosa 
Range,  and  it  is  probable  that  the  series  was  originally  over  3,000 
feet  thick.  The  beds  are  gently  flexed,  and  dips  from  the  mountains 
to  the  valley  axis  predominate,  particularly  in  the  northern  part  of 
the  valley.  The  sediments  have  been  jointed,  the  principal  system 
striking  N.  25°  W.,  and  along  some  of  these  joints  occur  normal  faults 
with  from  2  to  4  feet  displacement. 

.  OSOLOGIO  HI8T0BT. 

In  Tertiary,  probably  early  and  middle  Miocene  time,  Death  Val- 
ley did  not  exist,  Amargosa  and  Panamint  ranges  were  low,  and  their 
southern  portions  «  at  least  were  covered  by  a  lake  which  extended  well 
into  the  present  Death  Valley  south  of  Salt  Creek.  This  lake  was  at 
least  partly  contemporaneous  and  may  have  been  connected  with  that 
in  which  the  Siebert  lake  beds  were  deposited,  and  which  probably 
at  one  time  covered  almost  the  entire  area  surveyed.  In  late  Pliocene 
time,  however,  Death  Valley  was  probably  a  closed  basin,  occupied 
by  a  sheet  of  water,  which  appears  to  have  been  a  play  a.  This 
playa  varied  widely  from  time  to  time  in  extent  and  was  bordered  by 
the  uplifted  Panamint  and  Amargosa  ranges.  Before  the  deposition 
of  the  older  alluvium  ceased  the  inwash  of  material  frona  the 
mountains  raised  the  center  of  the  valley  hundreds  of  feet  above  the 
present  level.  Alluvial  slopes,  much  like  those  of  to-day,  extended 
well  up  on  the  Panamint  and  Amargosa  ranges.  In  the  playa  great 
thicknesses  of  clay  were  deposited,  and  at  periods  of  unusual  desicca- 
tion limestone  and  gypsum  were  precipitated.  Unusual  floods  from 
time  to  time  throughout  the  period  of  deposition  spread  thin  layers 
of  bowlders  over  the  playa.  Basalt  outflows  accompanied  the  deposi- 
tion of  the  upper  playa  deposits. 

Death  Valley  is  believed  to  have  been  roughly  blocked  out  in  late 
Miocene  and  early  Pliocene  time,  through  erosion  and  deformation, 
including  faulting  and  possibly  folding.  The  folding  of  the  Amar- 
gosa and  Panamint  ranges  does  not  alone  account  for  the  valley,  and 
it  appears  to  be  a  block  dropped  down  between  the  bounding  ranges 
by  faults.  The  earliest  structural  lines,  probably  of  late  Miocene  age, 
trend  northwest  and  southeast  and  include  the  fault  ^  on  the  north- 

•  Spurr,  J.  B.,  Bull.  U.  S.  Geol.  Survey  No.  208,  1903.  pp.  189.  202. 
» Campbell,  M.  E.,  BulL  U.  S.  Geol.  Survey  No.  200,  1902.  p.  16. 
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MARBLE  CANYON.  PANAMINT  RANGE. 
Showing  metamorphosed  Pogonip  limestone  near  quarU-monzomte  batholith. 
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east  side  of  the  lake  beds  in  the  Funeral  Mountains  and  normal  faults 
in  the  Panamint  Range.  In  early  Pleistocene  time  the  lines  of  dis- 
turbance were  north-northwest,  and  normal  faults,  with  a  strike 
parallel  to  the  valley  axis,  occur  in  the  older  alluvium  east  of  Stove- 
pipe Wells.  In  the  Panamint  Range  22  miles  beyond  the  boundary 
of  the  area  mapped  and^  in  line  with  Death  Valley  a  narrow  block, 
apparently  faulted  into  the  older  rocks,  has,  at  a  distance  of  15  miles, 
the  appearance  of  the  older  alluvium.  The  fronts  of  the  Panamint 
and  Amargosa  ranges  facing  Death  Valley  are  very  steep  and  may  be 
due  to  the  erosional  shifting  of  a  fault  scarp.  The  absence  of  Paleo- 
zoic inliers  in  the  valley  indicates  the  steep  grade  with  which  these 
rocks  descend  beneath  the  valley  gravels.  That  the  drainage  lines 
of  the  Panamint  and  Amargosa  ranges  flowing  into  Death  Valley 
have  been  revived  in  comparatively  late  geologic  time  is  indicated 
by  the  intense  dissection  of  the  prebasaltic  mature  topography  of 
the  Panamint  and  Amargosa  ranges.  (See  pp.  202  and  161.)  The 
history  of  Death  Valley  has  been  complex,  and  the  solution  of  the 
problem  requires  more  detailed  work  than  was  possible  in  the  present 
reconnaissance. 

BOOHOMXO  0EOLOOT. 

Extensive  deposits  of  colemanite  and  other  borax  minerals  occur  in 
the  Tertiary  lake  beds  near  Furnace  Creek,  and  the  extension  of  these 
lieds  in  the  area  mapped  is  worthy  of  careful  prospecting.  "  Marsh  " 
borax  has  been  found  2  miles  south  of  Surveyors  Well,-  and  it  is  prob- 
able that  this  has  been  leached  from  the  older  alluvium  near  by.  The 
clays  and  limestone  of  this  formation  may  contain  important  cole- 
manite deposits. 

PANAMINT  RANGE. 
TOPOO&AFHT  AHS  GSO0&AFHT. 

The  Panamint  Range  is  130  miles  long  and  trends  north-northwest 
parallel  to  the  Sierra  Nevada.  At  its  north  end  lava  mesas  unite  it 
with  the  Amargosa  Range;  its  south  end  passes  into  low  hills  of 
Tertiary  sediments  and  lavas  capped  by  later  basic  volcanics.<»  The 
ascent  from  Death  Valley  on  the  east  ranges  from  6,000  to  11,000 
feet,  while  that  from  Panamint  and  Termination  valleys  on  the  west 
is  almost  as  great.  The  range  culminates  20  miles  south  of  the  area 
here  mapped  in  Telescope  Peak,  which  the  Wheeler  survey  deter- 
mined to  be  10,938  feet  high.  Within  the  area  the  highest  point  is  Tin 
Mountain,  whose  elevation  is  8,900  feet.  The  range  crest  is  somewhat 
west  of  the  center,  and  the  western  slope  seems  a  succession  of  cliffs 
and  declivities.  The  range  is  scored  by  deep  canyons,  some  of  which 
are  comparable  with  the  most  famous  gorges  of  the  Rocky  Mountains. 
Marble  Canyon  (PL  III)  is  particularly  impressive.    The  sharply 

•Spurr,  J.  E.,  Bull.  U.  8.  Oeol.  Survey  No.  208,  1903,  p.  201. 
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curving  inner  canyon,  which  is  but  10  feet  wide,  is  overhung  by  walls 
200  feet  high,  and  many  portions  of  the  stream  channel  are  in  per- 
petual shadow.  The  walls  are  beautifully  smoothed  and  rounded 
by  erosion  75  feet  above  the  stream  bed.  Rock  cliffs  10  to  100  feet 
high,  which  in  other  regions  would  form  waterfalls,  break  the  more 
gentle  grades  of  gravel.  The  brilliant  yellows,  reds,  whites,  and 
blacks  of  the  limestone  enhance  the  beauty  due  to  form. 

The  crest  of  the  range  is  characterized  by  an  older,  more  mature 
topography,  with  well-graded  stream  channels  and  gently  rounded 
peaks  and  slopes.  Near  the  southern  boundary  of  the  area  mapped 
and  for  a  distance  of  4  miles  south  of  Tin  Mountain  this  belt  is  Z 
miles  wide,  while  the  intermediate  belt  along  the  crest  line  is  but  1 
mile  wide.  Remnants  occur  in  favorable  positions  on  the  middle 
slopes  of  the  mountain  range  above  an  elevation  of  5,000  feet.  On 
the  southern  border  of  the  area  the  basalt  covers  a  portion  of  this  sur- 
face— a  fact  which  indicates  that  the  surface  was  probably  developed 
in  Pliocene  time.  The  older  alluvium,  in  part,  is  formed  of  remnants 
of  the  alluvial  slopes,  the  gravel  pediment  of  this  subdued  mountain 
range. 

Sparse  growths  of  pinon  and  juniper  cover  the  southwest  comer  of 
the  area  and  the  northeastern  and  southern  slopes  of  Tin  Moun- 
tain, while  Cottonwood  and  willow  grow  along  Cottonwood  Creek. 
Grass  is  found  around  the  small  playa  northwest  of  Goldbelt  Spring 
and  in  the  valleys  in  the  higher  portion  of  the  range.  The  Panamint 
Range,  because  of  its  elevation,  has  a  heavier  annual  precipitation 
than  most  of  the  other  ranges.  One  or  more  springs  rise  in  nearly 
all  the  main  gulches  tributary  to  Cottonwood  and  Marble  Canyon 
creeks.  Several  springs  lie  south  of  Tin  Mountain.  Emigrant 
Spring,  to  the  south  of  the  area  mapped,  flows  1,100  gallons  of  water 
per  day. 

0EHEKAL  OEOLOOT. 

The  formations  o£  the  Panamint  Range,  from  the  oldest  to  the 
youngest,  are  as  follows:  Prospect  Mountain  quartzite  (?),  Pogonip 
limestone,  Pennsylvanian  limestone,  earlier  quartz-monzonite  por- 
phyry, post- Jurassic  granitoid  rocks  (quartz  monzonite,  soda  syenite, 
and  granite),  later  quartz-monzonite  porphyry,  older  alluvium,  basalt, 
and  Recent  alluvium. 

SEDIMENTARY  BOCKS. 

Prospect  Moitntain  quartzite  (?). — Tucki  Mountain  is  formed  of 
metamorphosed  sediments  identified  with  the  supposed  Prospect 
Mountain  quartzite  of  the  Amargosa  Range.     (See  p;  162.) 

Pogonip  limestone. — The  most  widely  distributed  formation  of  the 
Panamint  Range  is  the  Pogonip  limestone,  of  which  at  least  3,000  feet 
is  exposed.    The  limestone,  which*  is  compact  and  fine  grained,  ranges 
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in  color  from  dark  gray  to  black.  The  dark  color  is,  at  least  in  part, 
due  to  carbonaceous  matter,  since  some  beds  are  fetid,  and  when 
heated  exude  a  tarry  substance.  The  bedding  is,  as  a  rule,  massive, 
although  some  slightly  argillaceous  facies  are  thin  bedded.  Cross- 
bedding  was  noted  in  several  places.  Near  the  top  of  the  section 
occur  layers  and  lenses  of  black,  semitranslucent  flint  from  one-half 
inch  to  3  inches  thick,  separated  by  bands  of  limestone  from  1  to  18 
inches  thick.  In  other  beds  globular  and  ellipsoidal  flint  concretions 
from  one-fourth  inch  to  3  inches  in  diameter  are  abundant.  A  quartz- 
ite  layer  interbedded  with  the  limestone  occurs  rather  well  up  in  the 
formation.  The  rugged  exposures  of  this  white  or  pinkish-white  fine- 
grained quartzite  outcrop  on  the  western  side  of  the  playa  4  milas 
north  of  Goldbelt  Spring.  The  bed  of  quartzite  is  100  feet  thick  and 
has  thin  bands  of  limestone  interbedded  near  its  base,  and  especially 
near  its  top.  Four  miles  south  of  Tin  Mountain  Mr.  T.  C.  Spaulding 
noted  interbedded  in  the  limestone  a  30-foot  band  of  muscovite  schist. 
The  schist  is  less  metamorphosed  than  that  of  Tucki  Mountain. 

At  one  locality  the  writer  collected  fragmentary  fossils  which  Mr. 
E.  O.  Ulrich  states  include  a  shell  belonging  either  to  Maclurea  or 
some  related  genus  and  a  fragment  of  a  pelecypod.  These  indicate 
undoubtedly  Ordovician  and  probably  Stones  River  age.  Near  the 
playa  to  the  north  of  Goldbelt  Spring  Messrs.  Chapman  and  Spaul- 
ding collected  fossils  of  which  the  gasteropods,  Mr.  Ulrich  states, 
remind  one  of  Baltic  Ordovician  species  and  indicate  a  lower  Ordo- 
vician horizon.  The  fossils  include  a  very  large  Helicotoma-Yike 
shell;  Eccyliopternw  sp.  undet.,  of  large  size  and  with  contiguous 
whorls;  Receptaeiditeg  sp.'nov.,  obconical,  with  thick  walls  and  small, 
crowded  stolons.  Not  only  in  its  organic  remains,  but  also  in  its 
lithologic  character,  this  limestone  resembles  the  Pogonip  limestone 
present  in  many  of  the  ranges  in  the  area  surveyed.  It  was  deposited 
in  water  of  shallow  or  medium  depth,  a  conclusion  indicated  by  the 
presence  here  and  there  of  cross-bedding  and  abundant  organic  re- 
mains. With  the  accumulation  of  the  limy  sediments  the  sea  bottom 
must  have  been  depressed  step  by  step,  an  inference  drawn  from  the 
great  uniformity  and  thickness  of  the  limestone. 

Pennsylvanian  limestone, — The  Pennsylvanian  limestone  forms  a 
narrow  band  along  the  east  front  of  the  Panamint  Range.  It  is 
separated  from  the  Pogonip  limestone  to  the  west  by  a  fault  of  several 
thousand  feet  displacement.  This  limestone,  of  which  probably  some 
1,500  feet  is  exposed,  is  fine  grained  and  gray  or  dark  gray  in  color. 
Some  of  the  darker  limestone  when  struck  with  a  hammer  gives  off  a 
fetid  odor.  Lenses  and  ellipsoid  masses  of  black  flint  occur  in  some 
beds.  To  the  west  of  the  soda-syenite  area  is  a  bed  75  feet  thick  of 
white,  fine-grained  quartzose  sandstone.  This  sandstone,  as  well  as 
some  beds  of  limestone,  is  cross-bedded. 
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From  one  locality  the  following  Pennsylvanian  fossils,  determined 
by  Dr.  George  H.  Girty,  were  collected : 

Fusulina  sp.  Small  Indeterminable  gasteropod. 

Crlnoidal  fragments.  Indeterminable  fragments. 

Feaestella  sp. 

Fragmentary  fossils  were  collected  from  two  other  localities,  mbA 
concerning  these  Doctor  Girty  states  that  while  they  are  undoubtedly 
Carboniferous,  they  indicate  nothing  further. 

Older  alluvium. — On  either  side  of  Emigrant  Wash  and  at  the 
north  end  of  the  Panamint  Range  are  a  number  of  areas  of  the  older 
alluvium.  The  deposit  east  of  Emigrant  Wash  forms  intensely  dis- 
sected hills  which  are  continuations  of  the  ridges  of  Tucki  Mountain. 
The  two  large  areas  across  the  valley  to  the  northwest  are  eastward- 
sloping  plains  cut  by  erosion  into  low  hills,  and  each  is  separated  from 
Death  Valley  by  a  low  ridge  of  Paleozoic  limestone.  A  few  small 
outliers  occur  higher  up  in  the  mountains  at  a  maximum  altitude  of 
5,000  feet. 

These  deposits  are  composed  of  beds  of  angular  bowlders  and  well- 
stratified  sand.  These  are  locally  so  well  cemented  by  calcium  carbon- 
ate that  caves  25  feet  high  exist  in  them.  Around  Emigrant  Spring, 
in  the  southern  extension  of  the  area  west  of  Tucki  Mountain  and  in 
the  area  at  the  north  end  of  the  Panamint  Range,  white  and  pink  clay 
similar  to  that  of  the  present  playa  deposits  is  interbedded  with  the 
bowlder  beds.  At  the  north  end  of  the  range  the  series  has  an  exposed 
thickness  of  2,500  feet. 

Recent  desert  gravels  unconformably  overlie  the  older  alluvium, 
which  in  turn  lies  upon  the  eroded  surface  of  the  quartz-monzonite 
and  Paleozoic  rocks.  The  upper  portion  of  the  series  and  the  basalt 
are  contemporaneous,  and  in  consequence  the  older  alluvium  is  prob- 
ably of  Pliocene  and  early  Pleistocene  age.  In  Pliocene-Pleistocene 
time,  when  Death  Valley  was  occupied  by  an  extensive  playa,  the 
Panamint  Range  was  comparatively  low  and  insignificant.  The  older 
alluvium  areas  are  the  remnants  of  alluvial  slopes  which  once  fringed 
its  borders.  These  alluvial  slopes  near  Goldbelt  Spring  reached  an 
elevation  of  5,000  feet,  while  to  the  north  of  Tin  Mountain  no  rem- 
nants remain  above  4,000  feet.  Considerable  portions  of  the  Tin  and 
Tucki  mountain  deposits  are  formed  of  playa  clays,  showing  that 
during  periods  of  exceptional  rainfall  the  playa  of  Death  Valley  ex- 
tended well  up  on  the  Panamint  Range. 

Recent  alluvium, — The  valley  above  the  head  of  Cottonwood  Creek 
is  covered  with  coarse  soil  and  loam.  A  more  resistant  portion  of  the 
quartz  monzonite  has  narrowed  and  partially  dammed  the  valley,  and 
behind  this  barrier  the  material  washed  from  the  surrounding  hills 
has  accumulated.  Four  miles  north  of  Goldbelt  Spring  is  a  basin 
whose  bottom  in  depressed  275  feet  below  the  inclosing  rim  of  hills. 
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The  basin  is  in  Pogonip  limestone  and  is  probably  the  site  of  an 
iBcient  sink  hole  formed  when  the  climate  was  less  arid.  Later  the 
channel  became  obstructed  by  the  inwash  of  debris  from  the  surround- 
ing hills,  and  eventually  alluvial  slopes  and  a  playa  were  formed. 

IGNEOUS   ROCKS. 

Earlier  quartz-monzonite  porphyry. — A  few  small  fragments  of  a 
fine-grained,  medium-gra^^  igneous  rock  are  included  in  the  quartz 
monzonite  in  the  southwest  corner  of  the  area  mapped.  Similar 
inclusions  in  the  granite  of  Gold  Mountain  prove,  on  microscopic 
examination,  to  be  quartz-monzonite  porphyry. 

Quartz  monzonite, — A  batholith  of  quartz  monzonite  underlies  75 
square  miles  in  the  southwest  corner  of  the  area  surveyed.  The  rock 
is  light  to  medium  gray  in  color,  rarely  pinkish  gray.  The  minerals 
visible  to  the  unaided  eye  are  predominant  gray  feldspar,  a  greenish- 
black  mineral,  either  amphibole  or  pyroxene,  bronze-brown  biotite, 
and  pink  feldspar,  while  small  individuals  of  magnetite  and  seal- 
brown  titanite  are  also  visible  in  places.  As  a  whole  biotite  is  almost 
as  abundant  as  hornblende,  but  it  appears  to  be  totally  lacking  over 
restricted  masses.  The  diameter  of  the  component  minerals  varies 
throughout  the  mass  frcgn  one-fourth  to  one  thirty-second  of  an  inch. 
In  many  places  the  gray  feldspars  occur  as  well-developed  tablets  up 
to  three-fourths  of  an  inch  in  length  and  impart  to  the  rock  a  porphy- 
ritic  aspect.  Green  epidote  in  granules  replaces  the  hornblende  and 
biotite  more  or  less  completely,  while  veins  of  epidote  cut  the  rock,  and 
felts  of  this  mineral  are  common  on  joint  surfaces.  Calcite  veins  are 
less  common.  The  monzonite  is  cut  by  joint  planes  from  1  foot  to  5 
feet  apart.  In  weathering  the  joint  blocks  become  slightly  rounded 
and  finally  disintegrate  into  soil.  The  monzonite  forms  rugged 
ridges.  The  outcrops  are  usually  low  bosses  or  bowlderlike  masses, 
and  many  of  the  hills  have  the  appearance  of  moraines,  upon  which 
large  bowlders  are  prominent. 

Under  the  microscope  the  rock  shows  an  allotriomorphic  granular 
texture,  although  some  of  the  smaller  plagioclase  individuals  form 
laths.  The  essential  constituents,  in  order  of  abundance,  are  plagio- 
clase, orthoclase,  piotite,  quartz,  hornblende,  and  ugite.  The  accessory 
minerals  are  apatite,  magnetite,  and  titanite.  Disks  of  micropegma- 
tite  lie  between  the  other  constitutents  and  are  inclosed  in  the  feld- 
spars. Some  hornblende  is  secondary  to  augite,  while  kaolin,  sericite, 
and  epidote  form  at  the  expense  of  the  feldspars.  The  rock  is  on  the 
border  line  between  quartz  monzonite  and  granodiorite. 

The  monzonite  is  cut  by  thin  dikes  of  a  fine-grained  pink  aplite 
composed  of  feldspar  and  some  hornblende.  Quartz  is  sometimes 
seen  in  the  rock,  which  then  appears  to  be  of  granitic  composition. 
The  dikes  are  usually  simple.     Under  the  microscope  this  rock  shows 
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the  composition  of  an  acidic  quartz  monzonite,  containing  a  little 
biotite  altered  to  chlorite.  The  accessory  minerals  are  the  same  as 
those  of  the  quartz  monzonite.  Some  of  the  aplite  is  blotched  by 
globular  aggregates  of  coarser  hornblende  from  1  inch  to  4  inches  in 
diameter.  Tliese  aggregates  are  formed  by  the  segregation  of  horn- 
blende from  the  surrounding  rock  and  are  rimmed  by  halos  of  almost 
pure  feldspar  in  individuals  from  one-half  to  1  inch  wide.  The 
aplite  is  probably  but  a  later  differentiation*product  of  the  monzonitic 
magma. 

Scattered  throughout  the  nionzonite  are  segregations  of  hornblende 
from  2  to  3  inches  in  diameter.  These  represent  a  threefold  enrich- 
ment in  hornblende  by  magmatic  differentiation. 

The  monzonite  is  cut  by  and  grades  into  thin  dikes  of  coarser 
grained  rock,  locally  having  the  same  composition  as  the  monzonite, 
but  usually  of  more  acidic  constitution.  The  individuals  of  these 
pegmatite  dikes  reach  a  maximum  diameter  of  2  inches.  Some  of 
the  dikes  have  basic  borders  composed  of  almost  pure  hornblende, 
with  a  median  band  of  feldspar.  AVhile  the  boundary  planes  are 
rather  distinct,  individual  crystals  extend 'from  the  monzonite  into 
the  basic  bands  and  from  these  into  the  acidic  center.  The  more 
acidic  portion  of  this  pegmatite  shows  uiider  the  microscope  the 
composition  of  a  soda  syenite,  containing  orthoclase,  anorthoclase, 
augite,  hornblende,  biotite,  quartz,  titanite,  magnetite,  apatite,  and 
zircon.  The  augite  probably  contains  a  little  of  the  a^girite  molecule. 
Other  forms  of  the  pegmatite  are  composed  of  quartz,  pinkish-gray 
feldspar,  and  hornblende,  named  in  the  order  of  abundance  and  the 
reverse  order  of  solidification.  Some  limonite  pseudomorphs  after 
pyrite  occur  in  the  pegmatite,  but  the  original  character  of  the 
pyrite  was  not  determined  beyond  doubt.  In  other  pegmatites  par- 
tial crystals  of  ferromagnesian  minerals  are  inclosed  in  a  coarse 
crystalline  aggregate  of  feldspar.  Microscopic  examination  showed 
that  orthoclase  and  microperthite  are  so  predominant  over  plagio- 
clase  in  this  rock  that  it  has  the  composition  and  texture  of  a  syenite 
porphyry.  The  ferromagnesian  minerals  include  augite,  olivine, 
brown  hornblende,  and  biotite.  Apatite  occurs  in  unusually  large 
crystals  and  magnetite  in  grains.*  Miarolitic  openings  occur  in  this 
[pegmatite  and  crystals  of  the  constituent  minerals  protrude  into 
them.  The  pegmatite  therefore  consolidated  under  less  prepare 
than  the  monzonite,  which  lacks  such  cavities,  or  its  composition  was 
more  favorable  to  their  production.  The  pegmatite  is  evidently 
but  a  late  intrusion  of  the  monzonite-magma  residuum.  Not  only 
is  the  pegmatite  more  acidic  than  the  quartz  monzonite,  but  it  has 
undergone  an  enrichment  in  soda,  linking  the  quartz  monzonite  to  the 
soda  syenite  next  to  be  described. 

The  batholith  sends  thin  dikes  into  the  Pogonip  limestone.     At  the 
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contact  the  limestone  is  considerably  disturbed  and  dips  sharpl}^, 
usually  away  from  the  monzonite  mass.  The  small  limestone  area 
inclosed  by  monzonite  on  the  southern  border  of  the  area  appears  to 
have  been  buoyed  up  on  the  surface  of  the  molten  rock.  Smaller 
inclusions  are  common.  An  aureole  of  limestone  from  one-fourth 
to  1  mile  wide  is  metamorphosed  to  a  rather  coarse-grained  gray  mar- 
ble. In  this  marble  are  bands,  lenses,  and  irregular  bodies  of  white 
marble.  Large  brown  garnets,  epidote,  serpentine,  and  tremolite  are 
present  in  the  metamorphosed  limestone.  The  two  latter  minerals 
occur  in  veins  as  well  as  in  sporadic  masses  through  the  limestone. 

The  quartz  monzonite  intrudes  Pogonip  limestone  and  is  cut  by 
pre-Tertiary  diorite  porphyry.  It  is  presumably  contemporaneous 
with  the  post- Jurassic  granite,  since  intermediate  facies  between  it 
and  the  granite,  described  on  page  208,  appear  to  exist.  It  is  rather 
similar  in  mineralogic  composition  to  the  post-Jurassic  granodiorites 
of  the  Sierra  Nevada. 

Soda  syenite, — About  11^  miles  southeast  of  Tin  Mountain  there  is 
a  very  irregular  mass  of  soda  syenite  and  soda-syenite  porphyry,  300 
feet  long  and  200  feet  wide.  It  intrudes  the  Pennsylvanian  limestone  • 
and  sends  into  it  many  straight-walled  dikes  and  ramifying  veins  of 
varying  width.  Prior  to  recent  erosion  the  limestone  appears  to 
have  covered  the  syenite.  Bowlders  of  similar  rock  occur  in  the 
gulch  due  west  of  this  area,  but  the  masses  from  which  these  were 
derived  were  not  located.  Similar  rock  appears  from  a  distance  to 
form  a  small  area  4  miles  west  of  I-»ost  Wagons.  The  soda  syenite  is 
characterized  by  abrupt  and  great  changes  in  granularity  and  in  the 
relative  abundance  of  the  constituent  minerals.  The  predominant 
form  is  a  coarse-  to  medium-grained  rock  of  gray  color,  composed  of 
predominant  gray  with  some  pink  feldspar,  subordinate  greenish- 
black  amphibole  or  pyroxene,  and  black  mica.  Many  of  the  feldspars 
have  good  crystal  outlines  and  in  the  more  porphyritic  facies  the 
abundant  feldspar  laths  have  a  length  of  IJ  inches  and  are  aligned  in 
flow  orientation.  The  rock  next  to  the  limestone  is  very  fine  grained. 
Epidote  has  developed  at  the  expense  of  the  hornblende  and  biotite  in 
all  facies.  Under  the  miscroscope  this  rock  proves  to  be  a  soda 
syenite  or  nordmarkite  of  hypidiomorphic  and  imeven  granular  tex- 
ture. The  predominant  constituents  are  alkali  feldspars,  including 
the  species  orthoclase,  microperthite,  and  anorthoclase.  With  these 
is  a  little  oligoclase.  The  alkali  feldspars  form  rude  tabular  crystals, 
many  of  which  are  twinned  according  to  the  Carlsbad  law.  Between 
these  tabular  forms  are  anhedra  of  augite,  quartz,  biotite,  and  yellow- 
ish-brown garnet.  The  augite  verges  toward  aegirite-augite.  The 
accessory  minerals  are  titanite,  magnetite,  apatite,  and  fluorite.  The 
fluorite  flecks  the  alkali  feldspar  and  may  be  original  or  introduced 
by  magmatic  gases. 
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The  soda  syenite  is  cut  by  dikes  of  compact  greenish-gray  aplitic 
rocks.  Pink  feldspar  is  associated  with  the  gray  feldspar  and  pyrox- 
ene and  it  alone  forms  some  veins.  The  aplite  under  the  microscope 
has  a  very  uneven-grained  allotriomorphic  texture.  The  feldspars 
include  microperthite,  orthoclase,  and  some  anorthoclase.  A  little 
quartz  is  also  present.  While  the  rock  is  not  rich  in  ferromagnesian 
minerals,  there  are  many  small  grains  and  partial  crystals  of  segirite- 
augite.  This  mineral  shows  the  usual  zonal  structure,  with  deeper 
green  bands  on  the  border.  Irregular  grains  of  a  light-yellow  garnet 
are  rather  abundant.  The  accessories  are  titanite  and  apatite. 
Fluorite  occurs  in  small  blebs,  surrounded  by  a  mesh  of  sericite 
shreds,  which  were  probably  formed  by  the  same  gases  that  deposited 
the  fluorite.  Calcite  is  also  present  and  its  contacts  with  other  min- 
erals are  so  sharp  that  it  was  probably  deposited  in  miarolitic  open- 
ings. The  contact  between  the  aplite  and  the  syenite  is  in  some  cases 
sharp,  in  others  gradational.  In  one  instance  a  dike  of  syenite 
porphyry  is  faulted  by  an  aplitic  dike,  but  there  can  be  little  doubt 
that  the  two  are  genetically  related.  Narrow  pegmatitic  dikes,  the 
'  feldspar  and  pyroxene  of  which  reach  a  diameter  of  X  inch,  occur. 

The  limestone  immediately  adjoining  the  igneous  mass  is  meta- 
morphosed to  a  coarse-  or  fine-grained  white  marble,  through  which 
small  plates  and  veinlets  of  tremolite  are  scattered. 

The  soda  syenite  intrudes  Pennsylvanian  limestone  and  has  suffered 
practically  the  same  deformation  as  the  quartz  monzonite,  and  it  may 
well  be,  as  indicated  by  the  monzonite-pegmatite,  a  later  variant  of 
the  same  magna. 

Granite. — A  considerable  area  of  biotite  granite  occurs  to  the  east 
of  the  Emigrant  Wash,  3  miles  south  of  the  area  surveyed.  Dikes 
of  muscovite  granite,  genetically  related  to  the  biotite  granite,  were 
observed  cutting  the  Cambrian  rocks  1  mile  south  of  Tucki  Moun- 
tain, and  a  few  probably  occur  in  the  area  surveyed.  This  granite 
is  probably  of  post -Jurassic  age. 

Later  quartz-monzonite  porphyry. — Four  miles  south  of  Tin  Moun- 
tain is  an  area  of  siliceous  quartz-monzonite  porphyry,  probably  in- 
trusive in  the  Pogonip  limestone.  This  area  was  not  seen  by  the 
writer,  but  specimens  collected  by  Mr.  R.  H.  Chapman  closely  resem- 
ble the  white  quartz-monzonite  porphyry  of  the  Silver  Peak  Range, 
and,  like  it,  this  rock  is  probably  genetically  related  to  the  intrusion 
of  the  post-Jura3sic  granitoid  rocks.  Under  the  microscope  the 
phenocrysts  of  quartz,  orthoclase,  plagioclase,  and  biotite  are  seen 
to  be  embedded  in  the  finely  granular  groundmass  of  microcline, 
plagioclase,  quartz,  and  biotite.  The  accessory  minerals  are  magnet- 
ite, titanite,  and  apatite. 

Diorite  porphyry. — Dikes  of  diorite  i>orphyry  from  2  to  6  feet 
wide  cut  the  quartz-monzonite  batholith  in  the  southwest  comer  of 
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the  area  surveyed.  The  rock  is  light  greenish  gray  in  color  and  has 
prominent  white  feldspar  phenocrysts  from  one-eighth  to  one- fourth 
inch  in  length,  which  are  in  parallel  alignment  through  flow.  The 
rock  has  suffered  considerable  epidotization.  Under  the  microscope  it 
proves  to  be  a  much-altered  diorite  porphyry  with  a  groundmass  of 
plagioclase  laths  and  a  little  orthoclase.  Aggregates  of  epidote, 
zoisite,  and  chlorite  and  a  smaller  amount  of  calcite  are  evidently 
pseudomorphs  of  plagioclase  and  hornblende  phenocrysts.  This 
rock  is  evidently  the  pre-Tertiary  diorite  porphyry. 

Basalt, — Six  small  masses  of  basalt  occur  in  the  southern  portion 
of  the  Panamint  Range,  and  the  same  rock  caps  a  considerable  area 
at  the  north  end  of  the  range,  where  it  occurs  in  several  flows,  each 
500  or  more  feet  thick,  interbedded  with  the  older  alluvium.  The 
small  basalt  mass  IJ  miles  south  of  west  of  the  head  of  Cottonwood 
Creek  is  a  north-south  dike  250  feet  wide.  The  basalt  on  the  borders 
of  this  dike  is  vesicular  and  includes  numerous  quartz-monzonite 
fragments.  The  outcrop  on  the  Cottonwood  Canyon  trail  three- 
fourths  of  a  mile  above  its  entrance  into  the  mountains  may  also  be 
a  dike  cutting  the  Carboniferous  limestone.  The  other  masses  are 
ci*osional  remnants  of  a  single  flow  or  of  contemporaneous  flows. 
The  prebasaltic  mature  Panamint  Range  in  consequence  must  have 
been  cut  deeply  by  canyons  on  its  borders,  while  the  old  surface  to  the 
south  and  southwest  of  the  area  mapped  was  but  little  dissected  when 
the  basalt  was  extruded.  The  flow  on  the  east  side  of  Emigrant 
Wash  forms  a  black  bluff  200  feet  high,  which  is  a  prominent  land- 
mark for  many  miles.  The  flow  4  miles  east  of  the  dike  is  400  feet 
thick  and  forms  a  mesa. 

The  basalt  has  a  dense  dark-gray  groundmass  mottled  by  fight- 
gray  areas.  It  is  more  or  less  vesicular,  the  largest  cavities  being  2 
inches  long  and  usually  elongated  parallel  to  the  direction  of  flow. 
Calcite,  quartz,  and  zeolites  fill  the  vesicles  more  or  less  completely. 
The  phenocrysts,  which  are  usually  subordinate  to  the  groundmass, 
include  blebs  of  olivine,  more  or  less  altered,  and  striated  feldspars 
up  to  one- fourth  inch  in  length,  some  of  them  showing  zonal  growth. 
Greenish-black  augite  is  less  commonly  present.  Under  the  micro- 
scope the  basalt  shows  a  dark,  greasy  groundmass,  in  which  are 
microlitic  laths  of  basic  plagioclase  and  pyroxene  columns.  The 
phenocrysts  include  laths  of  basic  plagioclase;  rounded  grains  of 
olivine,  usually  fresh,  although  in  places  altered  to  iron-stained  ser- 
pentine, and  columns  of  grayish  pyroxene,  much  of  it  twinned.  The 
basalt  is  usually  well  jointed  and  weathers  into  spheroidal  masses. 

The  basalt  east  of  Emigrant  Wash  and  the  flow  on  the  Cottonwood 
Canyon  trail  lie  unconformably  below  the  older  alluvium.  The 
Ball.  308—07  m 14 
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flows  at  the  north  end  of  the  range  and  others  near  Emigrant  Spring 
are  interbedded  with  the  same  formation.  The  deposition  of  the 
upper  part  of  the  older  alluvium  and  the  effusion  of  the  basalt  were 
therefore  contemporaneous,  although  the  latter  process  continued 
after  the  former  had  ceased.  The  basalt  is  probably  of  the  late  Plio- 
cene and  early  Pleistocene  age. 

STBTTutukX. 

The  structural  history  of  the  Panamint  Range  has  doubtless  been 
as  complex  as  that  of  the  Amargosa  Range,  but  the  ab^nce  of 
Miocene  formations  removes  the  means  by  which  the  pre-Tertiary 
and  middle  Tertiary  folding  can  be  differentiated.  It  is,  however, 
evident  that  the  Paleozoic  rocks  were  folded  prior  to  the  intrusion 
of  the  post-Jurassic  igneous  rocks. 

Tucki  Mountain  appears  to  be  the  northward-pitching  end  of  a 
north -south  canoe,  the  western  side  of  which  is  buried  beneath 
Emigrant  Wash  or  has  been  faulted  off.  The  Cambrian  rocks  show 
well  the  differential  folding  suffered  by  a  heterogeneous  rock  series. 
The  schist  is  typically  closely  folded  and  even  crenulated;  the 
limestone  bands  are  less  strongly  folded  while  the  folds  of  the 
quartzite  are  open.  The  lithologic  character  of  the  series  renders 
the  detection  of  the  many  faults  difficult.  The  folding  of  the  Pogo- 
nip  and  Pennsylvanian  limestones  is  complex,  although  in  its  minor 
details  less  intense  than  that  of  the  Amargosa  Range,  since  over- 
turned folds  and  isoclinals  are  unusual.  The  major  fold  is  an  anti- 
cline, the  axis  of  which  is  situated  near  the  western  border  of  the 
area  and  trends  a  little  west  of  north.  The  eastern  arm  of  the  fold 
is  long  and  dips  gently  eastward.  Superimposed  upon  it  are  many 
minor  parallel  folds,  while  cross  folds  with  east-west  axes  cross  it. 
This  fold  appears  to  die  out  a  short  distance  south  of  Tin  Mountain 
and  here  the  strata  are  approximately  horizontal.  The  earlier  fold- 
ing was  apparently  accompanied  by  reverse  strike  faulting.  The 
intrusion  of  the  quartz  monzonite  in  the  southwest  corner  of  the 
area  mapped  considerably  disturbed  the  limestones  in  its  immediate 
vicinity.  They  are  buckled  and  dip  steeply,  usually  away  from  the 
batholith.  Faulting  has  occured  at  the  contact,  as  well  a^  in  the 
quartz-monzonite  mass  itself. 

The  fault  between  the  Pogonip  and  Pennsylvanian  limestones  is 
presumably  a  normal  fault  and  is  certainly  of  several  thousand  feet 
displacement.  Its  position  is  only  approximately  shown  on  the 
map.  Small  normal  faults  of  northwesterly  strike  are  common  in 
the  Pennsylvanian  limestone  near  Death  Valley,  and  these  were 
probably  formed  when  the  valley  originated.  Similar  faults  with 
2  to  4  feet  displacement  occur  in  the  older  alluvium,  and  this  forma- 
tion has  been  uplifted  and  tilted  toward  Death  Valley  in  places  as 
much  as  15°. 
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EOOHOKXO  OSOLOOT. 

No  mining  camp  exists  in  the  portion  of  the  Panamint  Eange  in- 
cluded in  the  area  under  consideration.  Harrisburg  lies  near  the 
Emigrant  Spring- Ballarat  road,  about  6  miles  south  of  the  boundary. 
Assays  reported  by  prospectors  indicate  that  gold-bearing  copper  ores 
occur  in  the  quartz  monzonite  and  silver-bearing  galena  ores  in  the 
limestone  areas. 

Goldbelt,  a  deserted  camp,  is  situated  at  the  Goldbelt  Spring,  near 
the  contact  of  the  Pogonip  limestone,  here  marmorized,  and  the  quartz 
monzonite.  A  number  of  men  are  said  to  have  rushed  to  this  camp 
in  the  spring  of  1905,  but  little  work  was  done.  The  more  important 
development  work  was  on  certain  thin  veins  or  lenses  in  the  quartz 
monzonite.  The  ore  contains  a  little  chalcopyrite,  probably  a  portion 
of  the  original  sulphide  unaltered.  Of  later  origin  are  malachite, 
chrysocolla,  and  a  dark-brown  or  black,  iron-stained,  flinty  chalced- 
ony, of  approximately  contemporaneous  age.  These  minerals  are 
coated  with  small  quartz  crystals.  This  ore  is  said  to  have  panned 
free  gold.  Similar  ore  is  reported  from  other  localities  in  this  mon- 
zonite area.  A  specimen  from  a  vein  near  the  source  of  Cottonwood 
Creek  consists  of  dark  limonite-stained  jasperoid  and  chrysocolla,  in 
which  occur  radial  crystals  of  bottle-green  brochantite.  This  also  is 
reported  to  pan  gold.  In  the  soda-syenite  mass  6^  miles  southeast  of 
Tin  Mountain  thin  veins  of  limonite,  presumably  after  iron  sulphide, 
occur. 

The  areas  most  favorable  to  prospecting  for  precious  metals  are 
the  Cambrian  rocks  of  Tucki  Mountain  and  the  Pogonip  limestone 
in  the  vicinity  of  the  quartz-monzonite  mass.  Quartz  veins,  usually 
of  lenslike  form,  are  common  on  Tucki  Mountain.  They  reach  an  ob- 
served maximum  width  of  3  feet  and  usually  appear  barren,  although 
in  some  instances  they  have  been  crushed  and  are  heavily  stained  by 
limonite  and  hematite.  It  is  said  that  an  old  lead  mine  was  at  one  time 
worked  on  this  mountain,  and  several  promising  camps  in  the  Amar- 
gosa  Range  are  situated  on  similar  veins  in  the  same  rocks.  Veins 
of  two  ages  in  the  Pogonip  limestone  are  formed  of  barren-looking 
calcite.  Some  occupy  overthrust  fault  fissures,  and  these  are  faulted 
by  other  veins.  The  older  veins  are  composed  of  massive  crystalline 
calcite;  the  younger  are  often  beautifully  crustified.  On  the  Cotton- 
wood Canyon  trail  magnificent  calcite  veins  4  feet  wide  occupy  fault 
fissures.  The  crustified  calcite  curves  around  included  fragments 
of  limestone  in  concentric  bands.  Near  the  quartz-monzonite  masses 
a  few  small  quartz  veins  occur  and  sonje  of  these  contain  pyrite.  In 
other  portions  of  the  area  surveyed  ore-bearing  veins  have  been  found 
in  limestone  near  granite  contacts,  and  by  analogy  they  probably 
also  exist  near  the  related  monzonite.    At  a  number  of  places  in  the 
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limestone  the  rock  is  heavily  stained  by  hematite  and  limonite.  Li 
some  cases  at  least  these  appear  to  be  gossan  deposits  and  the  deter- 
mination of  the  underlying  sulphides  might  prove  profitable. 

The  older  alluvium  is  contemporaneous  with  rocks  of  Death  Val- 
ley in  which  some  borax  minerals  have  been  found.  With  the  pos- 
sible exception,  however,  of  the  area  north  of  Tin  Mountain  and  one 
up  Emigrant  Wash  beyond  the  boundary,  the  Panalnint  Kange  is 
not  worth  prospecting  for  borax. 
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RhyoUte,  deflniUon  of 38 

flow  folds  in,  figure  showing 68 

occurrence  and  description  of 25, 32-33, 61- 

62, 67-68, 72, 73-76, 78-79, 80, 85-87, 
92^04, 08, 104-105, 107, 116, 125-127, 
131,  135-137,141,  145-146,150,151, 
153,  156,  16^171, 180,  186, 193-194 

OPS  deposits  in 46-49 

Roads,  character  of 26 

Roae  Spring,  flow  of 100 

rocks  near 102,104-108 

Rose's  Well,  rocks  near 152 

RnUWeU,  water  of 197 


Salt  Creek,  description  of.. 

rocks  on 

soli  near 

Salt  Creek  Weils,  water  of. 


19 

199 

196 

197 

Sand  dunes,  occurrence  and  character  of . . .       36 

Sand  Spring,  water  of 183 

Saioobatus  Flat,  depth  to  water  on 21, 158 

description  of ....  157-158 

economic  geology  of 158 

section  across,  figure  showing 21 

Schaller,  Waldemar,  minerals  determined 

by 129-130 

Schists,  occurrence  and  character  of 177 

Secret  Canyon  shale,  nonoccurrence  of 28 

Sedimentary  rocks,  columnar  section  show- 
ing        27 

occurrence  and  character  ot 26,35, 

51-^,  56-58,  66-67,  72,  77-78,  84,  89-90, 
96,97, 100-103, 115, 119-123, 132-133,  141, 
14^144,  148-149,  154-155,  162-167,  177- 
178,  183-184,  191-192,  197-200,  202-206 

Seminula  sp.,  occurrence  of 122 

Shale  Peak,  rocks  of 169 

Shoshone  Mountain,  economic  geology  of. . .      147 

geology  oL 30,32,33,48, 104, 123, 143-147 

section  on 143 

structure  of 147 

topography  of 142-143 

Siebert  lake  beds,  correlation  of 33 

deposition  of 41 

ooourreoce  and  character  of 31-33, 

48, 57-68, 67,  72, 77, 78, 84, 98, 102-103, 
122-133, 132, 143, 165-166, 178, 196-199 
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Silent  Canyon,  rooksof 136 

Silurian  rocks,  occurrence  and  oliaracter  of.  28-29 

Silver  Peak  quadrangle,  rocks  of 51 

Silver  Peak  Range,  northeast  extension  of, 

economic  geology  of 63-65 

northeast  extension  of,  geology  of 28, 

31-33,48,56-62,120 

structure  of 62-63 

topography  of 55-66 

Silverbow,  character  of 25 

ore  deposits  at 46, 109-110 

rocks  near 47, 103, 106 

Skeleton  Hills,  economic  geology  of 150 

geology  of 148-140 

structure  of 149 

topography  of 147-148 

Skull  Mountain,  economic  geology  of 147 

geology  of 32,33,104,143-147 

structure  of 147 

topography  of 142-143 

Slate  Ridge,  economic  geology  of 194-195 

geology  of 28,31,32, 191-194 

structure  of 194 

topography  of 191 

valley  near,  description  of 71 

Snow,  occurrence  of 22 

Southern  Klondike,  ore  deposits  at 44-46, 49 

Southern  Klondike  hills,  economic  geology 

of 81-82 

geology  of 28,32,33,48,77 

ores  of,  value  of 81 

structure  of 80-81 

topography  of 77 

Spaulding,  T.  C,  on  geology  of  region 96, 102 

work  of 13,203 

Specter  Range,  economic  geology  of 150 

geology  In 26-28,32,38,148-149 

section  of,  figure  showing 149 

structure  of 149 

topography  of .' 147-148 

Spring  Mountain  Range,  extension  of 147 

Springs,  occurrence  and  description  of 18, 

19-21,56 

Spurr,  J.  E.,  on  geology  of  region 33, 

34,39,57,68,82,102-103 

work  of 15 

Stage  lines,  access  by 26 

Staininger  ranch,  ore  deposits  near 175 

rocks  at  and  near 164-165, 170 

section  at 166 

springs  on 19. 20 

Stateline  Mill,  rocks  near 191, 194 

Stenopora  carbonaria,  occurrence  of 122 

sp.,  occurrence  of 122 

Stewart,  B.  D.,  work  of 13,132 

Stinking  Spring,  flow  of lOO 

rocks  at 106 

Stonewall  Flat,  description  of 83 

Stonewall  Mountain,  economic  geology  of.  46-47, 


geology  of 28,32,33,48,84-87,104,136 

section  across 133 

figure  showing 88 

structure  of 87-88 

topography  of 83-84 

Stonewall  Spring,  section  through,  figure 

showing 88 
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Stonewall  Spring,  water  from 71 

Stovepipe  Weill,  section  near 199 

water  of 197 

Stratigraphy,  ooiumnar  section  showing... .       27 

description  of 26-35 

Streams,  description  of 18-19 

Structure.    See  particuJar  districts. 

Sulphur,  occurrence  and  character  of 71 

Sumner  Spring,  flow  of 100 

rocks  near 103, 106, 114 

Surveyors  Well,  rocks  near 166,199 

water  of 197 

Syenite,  definition  of 38 

occurrence  and  character  of. 85-86,207-208 


Tanks,  character  of 21 

Telescope  Peak,  altitude  of 201 

Temperature,  records  of 17 

Tertiary  rocks,  areas  of,  economic   map 

showing 43 

occurrence  and  character  of 31-34 

ore  deposits  In 46 

Tertiary  time,  history  in 40-41 

Thimble  Peak,  rocks  of 161 

Thirsty  Canyon,  rocks  near 136, 137 

Thorp,  character  of 26 

Timber,  character  and  distribution  of 23-24, 

100,119,162,183,202 
Timber  Mountain,  geology  of 32, 137, 153 

topography  of 153 

Tin  Mountain,  altitude  of 201 

rocks  near 202,204,207 

Tippipah  Spring,  flow  of 142 

rqcksnear 121,122,143,146-147 

Titus  Canyon,  rooks  of 164, 175 

Tokop,  ore  deposits  at 180-190 

wells  near 183 

Tolicha  Peak,  economic  geology  of 142 

geology  of 28,32,132,135,137, 141 

structure  of 142 

topography  of 141 

Tonopah,  description  of 25 

Topography,  description  of 16-17 

See  also  particiUar  districts. 

Topopah  Spring,  flow  of 142 

Towns,  character  of 25-26 

Trails,  character  of 26 

Trappman,  Hermann,  discoveries  by 138 

Trappmans  Camp,  ore  deposits  at 44,138-139 

ore  deposits  at,  figure  showing.      138 

rocks  at  and  near 27,28, 132, 133-135 

Travertine,  occurrence  and  character  of 58 

Triangle  Spring,  rocks  near 199 


Triangle  Spring,  water  of 197 

Tri-Metailio  Mining  Company,  properties  of.  69-70 

Trio  mine,  ore  deposits  of 174 

Tucki  Mountain,  ore  deposits  of 211 

rocks  near 204 

Tuffs,  occurrence  and  character  of 32, 

72,132-133,192 

Turner,  H.  W.,  on  climate  of  district 17 

on  geology  of  district 51-^57 

work  of 15 

Turquoise,  occurrence  of 129-130 

Twin  Peaks,  rocks  on 113 

U. 

U Wch,  E.  O. ,  fossils  determined  by 57, 

66, 120, 121, 14(k,  155, 165,203 
on  geology  of  region 66 

V. 

Valleys,  farmation  of 17 

Vegetation,  character  of 23-24 

W. 

Wahguyhe  Peak,  altitude  of lei 

rocks  of 168-1© 

Walcott,  CD.,  fossils  determined  by 57 

Water,  occurrence  of,  signs  of 22-33 

Weber  conglomerate ,  correlation  of 30 

occurrence  and  character  of.  30,90, 1 18, 120-121 

Weeks,  F.  B. .  fossils  determined  by 165 

Wellington,  ore  deposits  at 46,96 

rocks  at 48 

Wells,  occurrence  and  character  of 21-22 

Wheelbarrow  Peak,  altitude  of 118 

rocks  on  and  near 119,122,125 

section  near,  figure  showing 119 

Wheelbarrow  Spring,  flow  of ...      119 

Whiterock  Spring,  flow  of 119 

rocks  near 122,127,133-134,140 

Wild  Horse  Spring,  flow  of 100 

Willow  Springs,  flow  of 182 

rocks  near 165-168 

Wilsons  Camp,  ore  deposits  at 46,139 

rocks  at 48,135-136 

Y. 

Yucca  Mountain,  economic  geolc^y  of 1S2 

geology  of 32, 150-152 

structure  of ISB 

topography  of 150 

Yucca  Pass,  rocks  ne^r 145-146 

Z. 

Zaphrentis  sp.,  occurrence  of 122 
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PREFACE. 


Soon  after  Mr.  Eldridge's  lamented  death,  June  29,  1905,  an  exam- 
ination was  made  of  his  unfinished  reports  on  the  oil  fields  of  Cali- 
fornia to  determine  in  what  shape  he  left  them.  His  field  work  had 
covered  a  period  of  approximately  one  year,  from  about  July  1,  1901, 
to  July  1,  1902.  During  this  time  he  had  examined  all  the  principal 
oil  districts  from  San  Mateo  Coimty  southward  to  the  Santa  Ana 
Mountains.  He  had  planned  to  describe  the  oil  fields  of  this  entire 
area  in  one  large  monogreiph,  and  at  the  time  of  his  death  had  prac- 
tically completed  the  manuscript  and  accompanying  geologic  maps  for 
the  chapters  on  the  Parkfield  (Monterey  County),  Santa  Clara  Valley 
(Ventura  and  Los  Angeles  counties),  and  Puente  Hills  (Los  Angeles 
and  Orange  counties)  districts.  Poor  health  for  some  time  previous 
to  his  death  precluded  his  doing  more  than  this,  and  although  there 
were  copious  note^  relating  to  all  the  other  districts  none  of  these 
had  been  written  up.  The  sad  duty  of  preparing  the  nearly  com^ 
pleted  manuscript  for  publication  and  of  utilizing  the  remaining 
notes  for  other  reports  was  assigned  to  the  writer. 

In  order  to  facilitate  the  publication  of  the  chapters  nearest  com- 
pletion it  was  deemed  expedient  to  issue  them  one  or  more  at  a 
time  as  bulletins,  instead  of  in  a  single  monograph,  as  originally  con- 
templated by  Mr.  Eldridge.  This  change  in  the  method  of  publica- 
tion necessitated  some  changes  in  the  arrangement  of  the  text  and 
the  treatment  of  the  subject.  In  making  these  alterations,  however, 
it  has  been  the  writer's  sincere  effort  to  modify  as  little  as  possible 
Mr.  Eldridge's  style  of  writing  and  manner  of  presentation. 

The  text  and  geologic  maps  of  the  Santa  Clara  Valley  and  Puente 
Hills  reports  are  entirely  the  work  of  Mr.  Eldridge,  wnth  the  excep- 
tion of  some  changes  in  the  arrangement  and  some  minor  additions 
bringing  them  up  to  date.  The  choice  and  preparation  of  the  illus- 
trations and  the  preparation  of  the  cross  sections  fell  to  the  lot  of 
the  writer.  The  forbearance  of  the  reader  is  besought  for  any* 
inconsistencies  or  deficiencies  in  this  bulletin,  as  they  are  doubtless 
lai^ly  due  to  the  writer^s  inability  to  interpret  and  transcribe  the 
ideas  which  Mr.  Eldridge  recorded  in  his  notes. 

Ralph  Arnold. 

June  30,  1906. 
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THE  SANTA  CLARA  VALLEY  OIL  DISTRICT, 
SOUTHERN  CALIFORNIA. 


By  George  Romans  Eldridge. 


rNTRODUCTION. 

This  paper  presents  a  brief  description  of  the  oil  fields  of  the  region 
adjacent  to  the  Santa  Clara  Valley,  in  Ventura  and  Los  Angeles 
counties,  Cal.  Owing  to  the  somewhat  limited  time  available  for  the 
field  work  it  has  been  impossible  to  go  into  as  much  detail  concern- 
ing certain  of  the  fields  as  might  be  desirable.  However,  it  is  hoped 
that  the  data  here  brought  together  will  be  of  assistance  in  the 
future  development  of  the  district.  Figures  of  the  characteristic  or 
common  fossils  of  the  different  formations  of  the  district  are  given 
in  Pis.  XXV  to  XLI.  The  physical  and  chemical  properties  of  the 
oil  are  treated  on  pages  203-218. 

ACKNOWIjEDGMENTS. 

The  writer  wishes  to  extend  his  sincere  thanks  and  acknowledg- 
ments to  the  oflScers  and  operators  of  the  different  oil  companies  in 
the  district  for  their  hearty  cooperation  and  support.  Without  the 
data  furnished  by  them  the  preparation  of  such  a  report  as  this 
would  have  been  impossible. 

TOPOGRAPHY. 

The  Santa  Clara  Valley  of  southern  California  is  a  structural 
depression  modified  by  erosion.  The  heads  of  the  valley  lie  in  the 
San  Grabriel  Range  and  in  the  mountains  to  the  north,  which  con- 
nect this  range  with  other  portions  of  the  Coast  Range  and  with 
the  Sierras.  After  a  westerly  course  of  75  miles  the  stream  which 
drains  the  valley  enters  the  Pacific  a  httle  south  of  the  town  of 
Ventura.  The  valley  proper  is  given  over  to  agriculture,  but  in 
the  mountains  on  either  side  are  many  important  oil  fields. 

The  mountains  north  of  the  valley  form  the  watershed  between 
it  and  the  Central  Valley  of  California  and  also  present  a  barrier  to 
the  Mohave  Desert,  which  lies  in  the  angle  between  the  Sierras 
and  the  more  southerly  ranges  of  the  State.     These  mountains  are 

Digitized  by  VjOOQIC 


OIL   mSTRICTS    OF    SOUTHERN    (CALIFORNIA. 


excessively  rugged  and  represent  the  convergence  of  several  ranges, 
which  to  the  northwest  iraintain  a  conspicuous  individuality.  Pine 
Mountain,  which  is  7,488  feet  in  altitude,  is  their  culminating  point. 
The  area  thus  occupied  forms  a  part  of  the  Santa  Barbara  Forest 
Reserve,  recently  set  aside  by  the  United  States  Government.  The 
greater  portion  of  it  is  accessible  only  by  trail  and  is  almost  wholly 
xminhabited. 


Fio.  1.— Index  irnip  of  a  portion  of  southom  California,  showing  the  location  of  the  three  districw 
described  in  this  bulletin  and  of  the  other  important  producing  districts  of  the  State. 

The  San  Gabriel  Range,  in  which  rise  the  southerly  heads  of  SantA 
Clara  River,  equals  in  niggedness  and  general  altitude  the  moun- 
tains to  the  north.  This  range,  with  its  western  extension,  the 
Santa  Susana  Mountains,  separates  the  Santa  Clara  VaUey  from 
those  of  Los  Angeles,  Tujunga,  and  San  Gabriel  rivers,  while  still 
farther  west  Oak  Ridge  and  South  Mountain,  in  extension  of  the 
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A.     PANORAMA  ACROSS  HOPPER  C/' 
From  Hopper  Peak « 


B.    THE  GREAT  TOPATOPA  Ar 
From  hill  above  Los  Angel*. 
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Santa  Susana  Mountains,  lie  between  this  valley  and  the  minor 
depression  of  the  Simi.  The  San  Gabriel  Range  attains  its  maxi- 
mum altitude  at  10,080  feet  in  San  Antonio  Peak,  in  the  eastern 
portion  of  the  uplift.  The  highest  peak  in  the  Santa  Susana  Moun- 
tains reaches  3,756  feet.  Oak  Ridge  and  South  Mountain  rise  to 
maximum  elevations  of  3,000  and  2,258  feet,  respectively. 

The  Santa  Clara  receives  its  principal  streams  from  the  north. 
Named  from  east  to  west,  these  are:  Castac,  Pirn,  Sespe,  and  Santa 
Paula  creeks.  The  courses  of  these  streams  are  most  tortuous,  their 
loci  having  been  determined  in  part  by  structure,  in  part  by  erosion. 
Their  canyons  are  deep,  sharply  cut,  and  in  many  places  cliff  bound 
and  inaccessible.  In  addition,  there  is  a  well-distributed  and  dense 
growth  of  chaparral.  Sespe  and  Santa  Paula  creeks  carry  compara- 
tively large  amounts  of  water  throughout  their  length.  Pirn  Creek 
is  a  somewhat  smaller  stream,  but  is  sufficient  for  the  irrigation  of 
the  fertile  lands  which  border  its  lower  course  to  a  width  of  a  mile 
or  more  on  either  side.    The  Castac  Valley  is  practically  dry. 

The  Ojai  Valley,  an  intermontane  depression  which  evidently  had 
its  origin  in  a  system  of  profound  faults,  but  whose  aspect  has  since 
been  modified  by  erosion  of  the  strata  oyer  the  area  of  excessive  dis- 
turbance, lies  some  distance  north  of  the  lower  part  of  the  Santa  Clara 
Valley,  yet  from  a  geologic  standpoint  it  is  a  part  of  the  general  area 
here  considered.  The  trend  of  the  valley  is  east  and  west;  its  length 
is  about  12  miles,  and  its  width  from  2  to  3  miles.  The  drainage 
is  now  chiefly  to  the  west,  San  Antonio  Creek  flowing  through  it 
and  joining  Ventura  River,  a  stream  of  considerable  size,  which 
flows  thence  10  miles  to  the  south,  entering  the  Pacific  at  the  town  of 
Ventura,  not  far  from  the  mouth  of  the  Santa  Clara.  At  the  eastern 
edge  of  Ojai  Valley,  however,  a  minimum  of  the  drainage  passes  into 
Sisar  Creek,  which  discharges  into  Santa  Paula  Creek.  Midway  of  its 
length  a  low  ridge  divides  the  depression  into  two  parts,  known  as  the 
upper  and  lower  valleys.  The  altitude  of  the  upper  valley  ranges 
from  1,250  feet  at  its  western  extremity  to  1,500  feet  at  its  eastern; 
that  of  the  lower  valley  from  750  to  1,000  feet.  Ojai  Valley  is  well 
watered  from  natural  streams  and  wells.  A  few  miles  up  Matilija 
Creek  are  noted  hot  springs  that  are  reported  to  have  remarkable 
healing  powers. 

North  of  Ojai  Valley  is  the  Topatopa  Range,  7,000  feet  in  altitude; 
on  the  south  is  Sulphur  Mountain,  2,750  feet.  The  mountainous 
country  north  of  the  valley  can  be  reached  only  by  trails,  and  although 
the  distance  across  it  to  the  San  Joaquin  Valley  is  but  36  miles,  the 
region  is  one  of  the  least  accessible  in  the  United  States.  Sulphur 
Mountain  presents  a  steep  northern  face  little  indented  with  canyons; 
its  southern  slope,  however,  has  been  severely  scarred  by  erosion,  but 
is  traversed  by  canyon  roads.     (See  PL  II.) 
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The  centers  of  settlement  in  the  wSanta  Clara  Valley  include  Ven- 
tura, Santa  Paula,  Fillmore,  Piru,  Newhall,  Camulos,  and  Saugus, 
their  relative  importance  being  ih  the  order  named. 

The  oil  fields  north  of  the  Santa  Clara  Valley  are  developed  on  the 
open  slopes  in  front  of  Mount  San  Cayetano  and  in  the  tributary  can- 
yons to  a  distance  into  the  range  of  5  to  10  miles.  These  fields 
include  in  succession  from  east  to  west,  Piru,  Modelo,  Nigger,  Hop- 
per, Tar,  Little  and  Big  Sespe  canyons,  and  the  San  Cayetano,  Silver 
Thread,  and  Ojai  fields.  They  follow  in  their  development  the  line  of 
the  higher  mountains.  From  Santa  Paula  Canyon  westward,  how- 
ever, there  is  a  line  of  wells  in  Adams,  Salt  Marsh,  AVheeler,  and  Aliso 
canyons,  along  the  south  side  of  Sulphur  Mountain,  in  strata  younger 
than  those  carrjdng  most  of  the  wells  in  the  fields  just  referred  to. 
Prospecting  is  carried  on  west  of  Aliso  Canyon,  even  as  far  as  the 
valley  of  Ventura  River,  but  no  productive  territory  has  yet  been 
found  in  that  area. 

The  productive  wells  south  of  the  Santa  Clara  Valley  are  confined 
to  the  northern  slopes  of  the  Santa  Susana  Mountains  and  Oak  Ridge, 
with  the  exception  of  a  single  well  in  the  canyon  of  Placenta  Creek,  a 
stream  which  drains  a  portion  of  the  northwestern  slope  of  the  San 
Gabriel  Range.  The  field  in  which  this  well  lies  is  the  easternmost 
of  those  developed.  Next  westward  is  the  Elsmere  field,  a  mile  or  two 
southeast  of  Newhall;  to  the  southwest  of  Newhall,  in  canyons  de- 
scending from  the  Santa  Susana  Mountains,  are,  successively,  the 
Rice,  Wiley,  Towsley,  Dewitt,  and  Pico  fields,  the  last  noted  in  the 
past,  as  well  as  at  present,  for  the  lightness  of  its  oil  and  the  magni- 
tude of  its  production.  Along  the  northern  face  of  Oak  Ridge,  5  or 
6  miles  we.st  of  the  Pico  field,  are  those  Ijnng  in  Tapo,  Eureka,  and 
Torrey  canyons;  Wiley,  Garberson,  Shields,  Grimes,  and  other  can- 
yons have  also  been  prospected,  but  without  much  success,  except 
in  the  case  of  Grimes  Canyon,  west  of  which  no  developments  have 
thus  far  taken  place. 

The  railwa}^  connection  for  these  oil  fields  is  the  Coast  division  of 
the  Southern  Pacific,  which  unites  with  the  San  Joaquin  Valley 
division  at  Saugus  and  passes  thence  southward  to  Los  Angeles,  dis- 
tant 33  miles. 

GEOL.()GIC  FOKMATION8.0 

GENERAL  STATEMENT. 

The  formations  of  the  Santa  Clara  Valley  include  certain  Pleisto- 
cene beds  of  which  the  precise  horizon  is  not  determined;  a  great 
series  of  conglomerates,  sandstones,  and  arenaceous  clays  which  were 
designated  by  Hamlin  some  years  since  as  the  Fernando  formation 


^  St**'  p.  113  fortablf  of  tt'iitrttivo  corix'latious  K'tweiMi  tho  oil-l>oaring  fomuttlons  of  southern  C«ii- 
fomia. 
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and  which  probably  represent  all  of  the  Pliocene  and  overlap  into 
both  the  Miocene  and  the  Pleistocene;  the  Modelo  formation,  of  sand- 
stones and  shales,  which  may  prove  to  be  the  homologue  of  the 
Monterey;  the  Vaqueros  formation,  of  shales,  interbedded  limestones, 
and  sandstones;  the  Sespe  formation,  in  the  main  a  great  body  of 
brownish-red  sandstones  and  conglomerates;  the  Topatopa  forma- 
tion, of  quartzites,  sandstones,  and  hard,  more  or  less  siliceous,  and 
earthy  shales;  and  an  older  basement  of  gneisses  and  granites,  prob- 
ably of  Jurassic  age.  This  series  of  formations  appears  to  be  con- 
formable from  the  base  of  the  Top&topa  as  far  up  as  the  base  of  the 
Fernando,  where  a  distinct  chronologic  break  is  observable.  The 
later  Pleistocene,  also,  is  unconformable  with  the  beds  below,  resting 
here  upon  one  formation,  there  upon  another. 

GRANITIC  BASEMENT. 
GENERAL   CHARACTER   AND   DISTRIBUTION. 

The  oldest  rocks  in  the  territory  under  discussion  are  the  gneisses 
and  granites  which  underlie  the  Tertiary  sediments  east  of  Newhall. 
The  gneisses  are  close  grained,  micaceous,  conspicuously  banded,  and 
greatly  contorted.  In  the  region  mentioned  they  strike  approximately 
N.  70°  W.  and  dip  SO^-SO*^  N.  The  underlying  granitic  rocks  are  mostly 
medium  to  fine-grained  diorites,  similar  to  those  lying  farther  east 
which  make  up  a  large  part  of  the  San  Gabriel  Range.  These  and  the 
other  crystalline  rocks  found  in  the  San  Gabriels  have  been  described 
by  Arnold  and  Strong.^  The  granitic  rocks  are  probably  contempora- 
neous with  those  of  the  Sierra  Nevada,  which  are  of  late  Jurassic  age. 
The  most  remarkable  thing  in  connection  with  the  gneisses  east  of 
Newhall  is  the  occurrence  in  them  of  a  very  light  oil,  approaching  a 
naphtha.  Alternative  hypotheses  regarding  the  origin  of  this  oil  are 
given  in  the  discussion  of  the  geology  of  the  Elsmere  field  (pp.  100-101). 

TOPATOPA  FORMATION. 
GENERAL   CHARACTER. 

The  Topatopa  formation  receives  its  designation  from  the  name  of 
the  range  of  which  it  is  the  chief  constituent.  It  is  the  lowest  forma- 
tion outcropping  in  the  mountains  north  of  the  Santa  Clara  Valley. 
Its  total  thickness  is  unknown,  but  about  5,500  feet  are  exposed. 
This  consists  of  excessively  hard,  submassive  sandstones  and  quartz- 
ites, the  latter  of  a  greenish-gray  color,  clear  or  mottled  with  white, 
and  shales,  which  differ  from  the  quartzites  in  carrying  an  additional 
content  of  mica,  in  the  fineness  of  their  material,  and  consequently  in 

a  Arnold^Ralph,  and  Strong,  A.M.,  Some  crystalline  rocks  of  the  San  Gabriel  Mountains,  California: 
Boll.  Qeol.  See.  America,  vol.  16, 1906,  pp.  183-204. 

Bull.  3(»-07 2 
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their  structure.  The  shales  are  of  a  slightly  bluish  hue,  but  discolor 
a  rusty  brown  from  the  presence  of  iron  or  petroleum,  or  both.  The 
mottlings  of  the  quartzites,  which  are  very  characteristic,  are  usually 
about  one-fourth  inch  in  diameter,  round  or  irregular  in  outline,  and 
in  many  instances  are  as  conspicuous  as  the  greener,  more  homogene- 
ous portion  of  the  rock.  The  sandstones  of  the  formation  are  usually 
light  gray  to  white,  and  are  only  a  little  less  hard  and  close  textured 
than  the  quartzites.  They  carry  numbers  of  Ostrea,  the  shells  of 
which  are  usually  black  and  4  or  5  inches  long  by  3  or  4  inches  acro^. 
It  is  difficult  to  obtain  good  specimens  of  these  fossils,  and  their  deter- 
minative value  remains  for  the  present  unkno\^Ti. 

The  quartzites  and  sandstones  greatly  predominate  in  the  lower 
2,000  feet  of  the  formation  as  exposed,  and  the  shales  in  the  upper 
portion,  but  both  types  of  rock  intermingle  to  a  considerable  degree, 
imparting  thus  to  the  series  as  a  whole  a  marked  imif ormity  of  appear- 
ance, which,  with  the  persistency  of  its  principal  characteristics,  is  of 
especial  value  in  identification.  The  formation  contains  toward  the 
middle  quartzites  similar  to  those  lower  down. 

The  conspicuous  features  of  this  formation  are  a  tendency  to  a  broad 
concretionary  structure  in  some  of  its  members;  the  presence  of 
smaller  brown  ferruginous  sand  concretions;  the  sparse  distribution 
of  fossil  oysters  and  other  very  imperfect  molluscan  remains  through 
a  great  portion  of  its  thickness,  more  particularly  in  the  shales; 
some  evidences  of  woody  tissue,  and  a  frequent  recurrence  of  what 
appear  to  be  fucoids. 

The  upper  part  of  the  Topatopa  formation  on  the  lower  slopes  of 
the  mountains  on  the  north  of  the  Ojai  Valley  consists  of  a  succes- 
sion of  very  ferruginous  rusty-brown  and  gray  sandstone  and  sandy 
shale,  perhaps  2,500  feet  thick  in  all.  This  facies  of  the  Topatopa 
extends  eastward  as  far  as  the  Silver  Thread  field,  adjoining  the 
Ojai  Valley  on  the  east.  The  dip  of  the  rusty  beds  at  the  mouth  of 
Senor  Canyon  is  southward,  changing  to  northward  at  a  point 
immediately  within  the  low  outer  hills  of  the  range.  West  of  the 
canyon  the  northerly  dip  is  maintained  to  a  point  far  up  the  slopes. 
East  of  the  canyon  there  are  a  number  of  flexures  of  greater  or  less 
severity,  but  of  short  extent.  The  strata  are  also  bent  at  this  point, 
the  strike,  which  east  of  Sulphur  Canyon  is  N.  60°  to  70°  W.,  west  of 
the  gorge  becomes  east  and  west,  or  even  a  little  south  of  west,  this 
direction  being  maintained  to  a  point  beyond  Matilija  Creek. 

Cross-bedding  is  here  and  there  observable.  In  the  shaly  zones  there 
is  a  remarkable  tendency  to  rapid  variation  in  the  thickness  of  the 
component  layers;  there  also  appears  to  be  a  certain  amount  of  intra- 
formational  unconformity. 
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DISTRIBUTION. 

The  Topatopa  formation  occupies  the  heart  of  one  of  the  greatest 
anticlines  of  southern  California.  The  eastern  limit  of  the  formation 
is  the  eastern  wall  of  Sespe  Canyon.  Westward  it  extends  to  a  point 
far  beyond  the  Ojai  Valley — indeed,  beyond  Santa  Barbara,  a  distance 
of  at  least  50  or  60  miles.  Besides  the  area  thus  occupied  there  is  pos- 
sibly a  small  inlier  in  the  heart  of  the  Coldwater  anticline  (see  p.  8), 
although  the  distance  beneath  the  lower  members  of  the  Sespe  forma- 
tion is  but  slight.  San  Cayetano  Mountain  is  also  composed  of  this 
formation. 

AQE. 

Characteristic  Eocene  fossils  have  been  obtained  from  the  upper 
part  of  the  Topatopa  formation  in  the  region  north  of  the  Silver 
Thread  field.  With  the  exception  of  the  granite  and  gneisses  pre- 
viously described,  no  rocks  older  than  the  Topatopa  are  exposed  in 
the  Santa  Clara  district. 

OCCURRENCE   OF  OIL. 

The  Topatopa  formation  is  oil  bearing  at  several  horizons,  and  from 
it  come  seepages  and  sulphur  springs.  While  these  have  been  observed 
more  particularly  from  the  upper  portion,  they  are  also  reported  from 
the  lowest  beds  exposed  at  the  heart  of  the  anticline. 

SESPE  FORMATION. 
GENERAL   CHARACTER. 

The  term  Sespe  has  been  employed  «  to  designate  a  prominent  and 
widely  distributed  mass  of  brownish-red  sandstones  and  conglomer- 
ates, with  minor  layers  of  sandy  and  muddy  shales,  in  all  about  3,500 
feet  thick.  With. these  are  included  400  or  500  feet  of  white  sand- 
stone and  greenish  shale  at  the  base  and  an  equal  amount  of  rust-col- 
ored calcareous  sandstone  at  the  top.  The  entire  formation  is  exposed 
in  a  continuous  section  in  the  gorge  of  Sespe  Creek  near  the  entrance 
of  Tar  Creek  and  in  the  region  which  extends  eastward  between  the 
waters  of  Tar  and  Little  Sespe  creeks.  Throughout  the  formation  the 
materials,  whether  fine  or  in  the  form  of  pebbles,  are  chiefly  granitic. 
The  coloring  of  the  beds  is  in  the  main  due  to  iron,  but  the  pink  feld- 
spar adds  to  the  effect. 

a  Wftita,  W.  L..  Bull.  California  State  Mining  Bureau,  No.  11,  1807,  pp.  2&-26. 
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LOWER   ZONE. 

Fig.  2  is  a  section  of  the  lower  400  feet,  which  forms  a  persistent 
divisional  zone  between  the  Topatopa  formation  and  the  main  mass 
of  red  beds.  This  part  of  the  formation  occurs  at  the  mouth  of  a  small 
tributary  entering  Sespe  Creek  from  the  slopes  of  Sulphur  Peak  at  a 
point  about  a  mile  above  the  mouth  of  Tar  Creek.  It  reappears  2  or 
3  miles  lower  down  Sespe  Creek,  in  the  heart  of  the  Coldwater  anti- 
cline. The  distinguishing  features  of  this  zone  are  the  whiteness  of 
its  sandstones,  in  contrast  with  the  measures  both  above  and  below, 
and  the  delicate  green  and  pink  tints  which  pervade  its  clays  and 


■tf-x 
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FlO.  2.- 


-Eaat-west  section  across  Sespe  Canyon  above  mouth  of  Tar  Creek,  showing  detail  of  tbe 
lower  portion  of  the  Sespe  formation,  tc^ther  with  its  oil-bearing  sands. 


shales.  The  heaviest  of  the  sandstones  is  a  bed  about  80  feet  thick 
at  the  base.  The  lower  half  of  the  zone  has  produced  oil  in  com- 
mercial quantities. 


RED    BEDS. 


GENERAL    DESCRIPTION. 


The  beds  of  brownish-red  color  which  constitute  the  mass  of  the 
Sespe  formation  and  overlie  the  lower  zone  present  at  their  base  a 
band  of  coarse  conglomerate  from  40  to  100  feet  thick..  Above  this  is 
300  or  400  feet  of  massive  sandstone,  with  pebbles  here  and  there. 
This  is  overlain  by  approximately  500  feet  of  heavj^  sandstone,  >vith 
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thin  bodies  of  shale.  The  material  of  this  sandstone  is  in  many  places 
coarse  and  gritty.  Still  higher  are  from  400  to  800  feet  of  sandstone 
and  shale,  the  latter  being  somewhat  more  prominent  than  lower  down 
in  the  formation.  While  the  conglomerate  is  principally  developed 
as  indicated,  layers  of  comparatively  coarse  pebbles  are  not  infre- 
quently encountered  from  the  base  to  the  summit  of  the  red  beds. 
There  are,  however,  great  masses  of  sandstone  of  uniform  texture  and 
color,  capable,  it  may  be  remarked  incidentally,  of  yielding  a  building 
stone  of  high  grade.  These  beds  as  here  described  maintain  their 
principal  characteristics  of  color,  texture,  and  composition  wherever 
encoimtered  in  the  Topatopa  Range  and  its  subordinate  ridges. 
They  occur  in  the  type  locality  of  the  formation  and  form  a  conspicu- 
ous feature  along  the  northern  edge  of  the  Ojai  Valley  and  farther 
west,  in  the  vicinity  of  Summerland  and  Santa  Barbara. 
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Fio.  3.— North-south  eection  on  north  side  of  Lower  Ojai  Valley,  showing  llthologic  variation  In  strata. 


RED    BEDS   IN   THE   OJAI   VALLEY. 


The  Sespe  formation  or  what  is  believed  to  be  its  stratigraphic 
equivalent  in  the  Ojai  Valley  consists  of  conglomerates,  sandstones, 
and  shales,  bright  red  and  white,  the  former  color  largely  predominat- 
ing. The  red  beds  are  not  so  unbroken,  however,  as  in  Sespe  Canyon. 
On  the  contrary  they  are  interrupted  not  only  by  certain  white  sand- 
stones, but  also  by  very  considerable  bodies  of  rusty  sediments,  which 
in  some  instances  suggest  a  transition  to  the  formation  that  is  possibly 
the  equivalent  of  the  Topatopa.  This  lithologic  variation  is  illus- 
trated in  the  accompanying  profile  (fig.  3),  which  is  taken  from  the 
lower  slopes  of  the  range  bordering  the  Lower  OjaiValle}^  on  the  north. 
The  shales  of  the  formation  are  not  conspicuous,  except  in  the  region 
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of  Lion  Canyon,  where  a  thickness  of  between  50  and  100  feet  in  a 
single  body  is  attained,  the  colors  being  rusty,  gray,  red,  blue,  and 
black. 

RED  BEDS  SOUTH  OP  THE  SANTA  CLARA. 

Certain  evidence,  which  is  as  yet  inconclusive,  leads  to  the  belief  that 
south  of  Santa  Clara  River  the  Sespe  formation  is  represented  hj  a 
succession  of  gray  and  red-banded  sandstones  and  coarse  arenaceous 
clays  that  are  conspicuous  along  the  lower  slopes  of  Oak  Ridge.  The 
rocks  correspond  in  composition  to  those  of  Sespe  Canyon.  The  red 
color  is  similar  in  both  localities,  and  the  overlying  formation  in  both 
instances  bears  lower  Miocene  fossils.  In  the  heart  of  the  anticline 
which  passes  along  the  front  of  Oak  Ridge  a  short  distance  above  its 
base  the  Sespe  consists  of  a  massive  rusty-yellow  sandstone,  bearing 
layers  of  small  granitic  pebbles.  The  sandstone  in  fresh  fractures  is 
locally  brown,  apparently  from  having  once  been  impregnated  with 
petroleum.  Immediately  overlying  it  are  from  150  to  400  feet  of 
banded  bright-red  and  gray  sandstones,  argillaceous  sands,  and  arena- 
ceous clays.  The  transition  is  in  some  instances  gradual,  in  others 
sharp  and  pronounced.  The  red  and  gray  beds  are  also  repeated 
beneath  the  rusty-yellow  sandstone  first  described,  as  is  evidenced  in 
the  wells  of  the  Bardsdale  Crude  Oil  Company,  sunk  adjacent  to  the 
axis  of  the  anticline,  a  mile  west  of  Grimes  Canyon.  Both  red  and 
gray  beds  are  locally  conglomeratic,  the  pebbles  comprising  clear 
quartz,  red  and  blue  quartzites,  granite,  chert,  eruptives,  and  meta- 
morphic  rocks  of  several  varieties.  Small  bodies  of  white  limestone 
also  occur  here  and  there,  interbedded  in  the  formation. 

OIL   IN   THE   RED   BEDS. 

North  of  the  Santa  Clara  oil  has  been  produced  in  considerable 
quantity  at  a  number  of  horizons  in  the  red  beds,  and  south  of  the 
river,  in  at  least  one  locality,  the  suggested  homologues  have  also 
yielded  some  oil. 

UPPER   ZONE. 

Immediately  overlying  the  body  of  red  beds  is  about  500  feet  of 
ferruginous,  greenish-gray  calcareous  sandstone,  in  layers  8  to  10  feet 
thick,  separated  by  thin  bands  of  shale.  Certain  beds  of  the  sand- 
stone are  so  calcareous  as  to  be  almost  sandy  limestones.  These  are 
fossiliferous  in  many  places,  although  no  well-preserved  forms  were 
obtained.  Oysters  appear  to  predominate.  The  zone  of  sandstone 
thus  defined  is  best  seen  in  the  ridge  dividing  Little  Sespe  Creek  and 
its  tributary,  Fourf ork  Creek,  from  Tar  Creek,  and  in  the  valley  of  the 
latter,  where  it  appears  as  a  conspicuous  parting  between  the  red  beds 
below  and  the  great  series  of  Vaqueros  shales  above. 
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RELATION   OP  UPPER   BE8PE   BEDS  TO   VAQUEROS   SHALE. 

No  sharp  lines  of  distinction  separate  the  upper  Sespe  terrane  from 
the  underlying  red  beds  or  the  overlying  Vaqueros.  On  the  contrary, 
there  is  a  perceptible  tendency  for  the  terranes  to  shade  one  into 
another.  Fossils  of  value  have  not  yet  been  collected  from  this  tran- 
sitional zone.  There  is,  therefore,  some  uncertainty  as  to  whether 
the  beds  in  question  should  be  referred  to  the  Eocene  or  the  Miocene. 
The  red  beds  proper  are  commonly  regarded  as  of  Eocene  age.  In 
Sespe  Canyon  fragments  of  grayish-yellow  sandstone,  coming  either 
from  some  horizon  unrecognized  but  well  up  in  the  red  beds  or  from 
a  horizon  corresponding  to  that  of  the  rusty  beds  just  described,  have 
been  found  bearing  well-marked  Eocene  fossils,  among  which  are  the 
forms  Venericardia  planicosta  Lamarck  (PL  XXV,  fig.  1)  and  Turri- 
teHa  uvasana  Conrad  (PL  XLI,  figs.  2  and  3).  Beds  of  a  similar 
nature,  with  an  abundance  of  Tejon  (Eocene)  fossils,  also  occur  along 
the  northern  edge  of  the  Silver  Thread  oil  field,  west  of  Santa  Paula 
*  Canyon,  overlying  certain  pink  and  gray  sandstones  that  are  believed, 
on  lithologic  grounds,  to  belong  to  the  Sespe.  The  following  species 
have  been  found  at  this  locality.  With  one  exception  they  were  iden- 
tified by  the  late  J.  G.  Cooper.** 

Sespe  {Eocene)  fossils  from  north  side  of  Sisar  Creek,  weM  of  Santa  Paula  Creek. 


Anatina  sp. 

Cardium  linteum  Conrad. 

Corbula  n.  sp. 

Dentalium  cooperi  Gabb. 

Leda  gabbi  Conrad. 

Ledan.  sp. 

Meretrix  calif omiana  Conrad. 

Naasa  cretacea  Gabb. 

Necera  dolabriformis  Gabb. 

Nucula  tnincata  Gabb. 

Nucula  solitaria  Gabb. 


Pecten  calkinsi  Arnold. 
Pecten  interradiatus  Gabb. 
Solen  parallelus  Gabb. 
Spirocrypta  pileum  Gabb. 
Tellina  hoffmaniana  Gabb. 
Tellina  longa  Gabb. 
Tellina  parilis  Gabb. 
Thracia  semiplanata  Whiteaves. 
Turbonilla  n.  sp. 
Yoldia  arata  Whiteaves. 
Yoldia  nasuta  Gabb. 


It  may  be,  therefore,  that  the  rocks  in  question  represent  the  upper- 
most member  of  the  Eocene  in  the  region  of  the  Santa  Clara  and  the 
mountains  to  the  north.  On  the  other  hand,  the  resemblance  of  sev- 
eral of  the  beds  of  this  transitional  zone  to  others  a  little  higher  in 
horizon,  that  bear  identified  Oligocene  or  lower  Miocene  forms,  is  to 
be  borne  in  mind.  To  determine  satisfactorily  the  limits  not  only  of 
this,  but  of  all  the  other  formations  in  the  Santa  Clara  district,  a  large 
amount  of  field  workwill  be  required.  The  difficulty  will  be  enhanced, 
too,  by  the  highly  disturbed  condition  of  the  rocks  and  the  compli- 
cated structural  relations  which  they  bear  one  to  another,  xmless 
distinctly  characteristic  fossils  are  found  to  correlate  the  beds  of  the 

a  Bull.  CalUomla  State  Mining  Bureau  No.  11. 1897.  pp.  84-^ 
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several  localities.  Tentatively,  however,  the  line  between  the  Sespe 
(Eocene)  and  the  Vaqueros  Oower  Miocene)  formations  has  been 
drawn  at  an  indefinite  horizon  in  the  rusty  beds  described,  at  a  point 
where  the  sandstone  no  longer  predominates  but  is  largely  replaced 
by  shale,  yet  below  the  lowermost  lower  Miocene  fossils  found. 

OIL  IN  THE    UPPER  SESPE   BEDS. 

It  is  probable  that  a  portion  of  the  oil  yielded  by  the  Fourfork  and 
Tar  Creek  wells  has  been  drawn  from  the  rusty  series  at  the  summit 
of  the  red  beds  or  else  from  similar  thinner  beds  in  the  lower  part  of 
the  Vaqueros  formation.  It  will  be  observed  that  the  entire  series 
of  beds  designated  the  Sespe  shows  a  remarkable  distribution  of 
petroleum,  in  both  its  vertical  and  horizontal  extent. 

VAQUEROS  FORMATION. 
AGE    AND   GENERAL   CHARACTER. 

The  formation  designated  Vaqueros,  appears  to  be  largely  lower 
Miocene.  The  position  of  3,000  feet  of  shale,  such  as  make  up  the 
Vaqueros,  below  beds  which  are  certainly  well  down  in  the  Miocene, 
suggests  the  possibility  that  the  lower  part  of  the  shale  extends  into 
the  OUgocene.  By  a- rough  estimate  the  maximum  thickness  of  the 
Vaqueros  formation  is  between  2,000  and  3,000  feet,  but  the  amount 
of  sediment  deposited  evidently  varied  greatly  from  point  to  point. 
From  the  base  upward  the  following  more  or  less  distinct  zones  are 
recognizable:  Shales,  purplish,  rusty,  and  gray  in  color,  purplish  pre- 
vailing, perhaps  500  feet;  a  conspicuous  zone  of  gray  shale,  500  feet; 
a  series  of  deep  maroon,  brown,  and  gray  shales,  approximately 
700  feet;  and  an  upper  body  of  siliceous  shale  and  limestone,  gray, 
but  weathering  a  pronounced  yellow,  500  or  600  feet.  The  formation 
is  therefore  distinctly  one  of  shale  from  top  to  bottom.  Through- 
out its  extent  lenticular  Umestones  occur,  with  a  tendency  to  form 
continuous  bands  a  foot  or  two  thick.  Much  of  the  shale  also  is 
calcareous. 

Through  the  lower  half  of  the  basal  purplish  zone  are  threaded 
thin  layers  of  calcareous  grits  or  gritty  limestones.  Where  the  quartz 
ingredient  is  sufficient,  they  resemble  certain  beds  in  the  xmderlying 
rusty  zone  at  the  top  of  the  Sespe  formation.  These  beds  are  fossilif- 
erous,  and  from  them  were  gathered  the  following  representative 
forms,  determined  by  Ralph  Arnold: 

Fossils  from  Vaqueros  formation. 

TAR  CREEK,  BY  TRAIL  SIDE. 
Modiolus  sp. 

Ostrea  cf.  idriaensis  Gabb. 

Pecten  sespeensis  Arnold  (PI.  XXXIII,  figs.  1,  la,  2). 
Turritella  ineziana  Conrad  var.  sespeensis  Arnold  (PL  XLI,  fig.  6). 
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IN  TRIBUTARY  ENTERING  LITTLE  SESPE  CREEK  AT  FOOT-OK-THE-HILL  WELLS. 

Balanus  concavus  Bronn.  (PI.  XXXII,  figs.  5,  5a). 

Pecten  sespeensis  var.  hydei  Arnold  (PI.  XXXI,  fig.  2). 

Placunanoniia  sp. 

Scutella  fairbanksi  Merriam  (PI.  XXIX,  fig.  3;  PI.  XXX,  fig.  3). 

LITTLE  SESPE  CREEK,  BELOW  FOOT-OF-THE-HILL  WELLS. 

Balanus  concavus  Bronn.  (PI.  XXXII,  figs.  5,  5a). 

Pecten  sespeensis  Arnold  (type  locality)  (PI.  XXXIII,  figs.  1,  la,  2). 

Trophon  n.  sp.  (large). 

Turritella  ineziana  Conrad  var.  sespeensis  Arnold  (PI.  Xlil,  fig.  6). 

The  limestones  bearing  these  fossils  are  conspicuous  in  their  per- 
sistency. One  or  another  appears  at  intervals  for  several  niiles 
along  the  Tar  Creek  trail;  again  on  upper  Fourfork  Creek,  half  a 
mile  west  of  the  upper  wells;  on  Little  Sespe  Creek  below  the  Foot- 
of-the-Emi  wells;  and  in  a  tributary  that  enters  Little  Sespe  Creek  in 
the  vicinity  of  the  Foot-of-the-Hill  wells.  Besides  the  foregoing 
fossils,  both  shale  and  limestone,  from  base  to  summit  of  the  forma- 
tion, afford  an  abundance  of  foraminifera  and  fish  integuments. 
The  Vaqueros  thus  exhibits  a  degree  of  lithologic  and  paleontologic 
resemblance  to  the  shale  of  the  overlying  Modelo  formation.  The 
stratigraphic  position  and  unique  fauna,  however,  determine  the  age 
of  these  beds,  and  the  sharp  line  between  them  and  the  Modelo  sand- 
stones above  indicates  that  the  division  between  the  two  formations 
should  be  located  at  that  plane. 

About  30  feet  below  the  contact  of  the  gray  and  overlying  maroon 
shale  is  a  very  persistent  band  of  gray  sandstone  from  10  to  40  feet 
thick,  the  outcrop  of  which  may  be  readily  seen  about  the  extensive 
amphitheater  drained  by  Tar  Qreek. 

The  upper  series,  of  calcareous  and  siUceous  shales,  is  strikingly 
similar  in  appearance  to  the  Modelo  of  adjacent  localities;  moreover, 
they  abound  in  foraminiferal  forms.  Were  the  Modelo  sandstone  to 
disappear  and  the  shales  of  the  Vaqueros  and  upper  Modelo  to  be 
brought  in  contact  it  would  be  impossible  to  distinguish  a  break  of 
importance  in  the  entire  succession.  It  is  suspected,  indeed,  that 
this  has  happened  in  the  western  face  of  Oat  Mountain  and  in  the 
ridge  running  southward,  although  with  a  thinning  of  the  series  as  a 
whole. 

VAQUEROS   BEDS   IN   THE   OJAI   VALLEY. 

The  Vaqueros  formation  in  the  Ojai  Valley  is  composed  of  rust- 
colored  conglomerate,  sandstone,  and  shale,  together  with  inter- 
laminated  limestone.  The  conglomerates  carry  pebbles  up  to  2 
inches  in  diameter  of  black  chert,  white  quartzite,  gray  granite,  and 
purple,  green,  and  maroon  eruptives.  In  places,  also,  there  are 
pebbles  that  possibly  may  have  been  derived  from  some  outcrop  of 
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the  Franciscan  formation  not  far  distant.     The  matrix  of  the  con- 
glomerate is  composed  of  the  same  materials  as  the  pebbles. 

The  sandstone  bears  a  striking  resemblance  to  that  in  the  lower 
portion  of  the  Vaqueros  formation  in  the  vicinity  of  Tar  Creek,  with- 
out, however,  the  strong  development  that  it  has  there. 

The  shale  is  argillaceous,  fissile,  and  primarily  of  a  blue-gray  color, 
but  this  is  modified  to  such  an  extent  by  the  presence  of  iron  that 
weathered  surfaces  and  hill  slopes  are  prevailingly  rusty.  Here  and 
there  faint  tinges  of  red,  pink,  purple,  and  green  are  to  be  observed, 
shades  that  characterize  the  formation  in  the  Tar  Creek  and  Fourfork 
region. 

The  limestone  beds  of  the  formation  vary  from  a  few  inches  to  6 
feet  in  thickness.  They  carry  a  large  proportion  of  quartzose  mate- 
rial and  commonly  show  the  presence  of  comminuted  to  more  or  less 
perfect  oysters.  Locally,  also,  they  are  found  rich  in  other  remains, 
notably  pectens,  turritellas,  and  barnacles,  all  of  enormous  size. 

The  following  list  of  fossils,  collected  by  the  writer  and  identified 
by  Ralph  Arnold,  indicates  the  general  character  of  the  fauna  in  these 
beds: 

Fossils  from  the  Vaqueros  formation  of  the  Ojai  Valley. 

SOUTH  FORK  AT  HEAD  OF  LOWER  VALLEY,  ONE-FOURTH  OF  A  MILE  ABOVE  OLD 

REFINERY. 

Chione  temblorensis  Anderson  (PI.  XXX,  fig.  1). 

Mytilus  mathewsonii  Grabb  \'ar.  expansus  Arnold  (PI.  XXX,  fig.  2). 

Neverita  sp.  indet. 

Pecten  magnolia  Conrad  (PI.  XXVIII,  fig.  1). 

Pecten  vaughani  Arnold  (PI.  XXXIII,  figs.  3,  3a). 

Tritonium,  three  sp. 

Trophon  n.  sp.  (large). 

Turritella  ineziana  Conrad  (PI.  XLI,  fig.  5). 

EAST  END  OF  CREST  OF  RIDQE  BETWEEN  UPPER  AND  LOWER  VALLEYS. 

Balanus  sp. 

Chione  sp. 

Dentalium  sp. 

Ledasp. 

Nassasp.  . 

Ostrea  sp. 

Pecten  craasicardo  Conrad  (PI.  XXXI,  fig.  1). 

Pecten  lompocensis  Arnold  (PI.  XXIX,  fig.  1). 

Phacoidee  sp.  (flat). 

Tritonium  or  Fusus  sp. 

Turritella  cf.  »neziana  Conrad  (young). 

The  precise  area  of  outcrop  of  the  supposed  Vaqueros  beds  in  the 
Ojai  Valley  has  not  been  defined,  but  one  of  the  principal  exposures, 
which  afforded  the  fossils  above  enumerated,  occurs  along  R^nery 
Gulch  on  the  south  side  of  the  upper  portion  of  the  Lower  Ojai  Valley. 
A  second  exposure  is  that  in  the  locality  of  the  section  illustrated  in 
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fig.  3.  The  lithologic  features  of  this  section  indicate  the  correlation 
of  the  red  and  white  sandstones  with  the  Sespe  red  beds  and  of  the 
overlying  fossiliferous  rusty  beds  with  the  Vaqueros  formation,  the 
heavy  body  of  rusty  sandstones  occurring  at  the  base  of  the  Vaqueros 
in  the  Tar  Creek. locality  being  possibly  a  variable  factor  from  one 
point  to  another. 

VAQUEROS  FORMATION  SOUTH  OF  THE  SANTA  CLARA. 

South  of  the  Santa  Clara,  along  South  Mountain,  Oak  Ridge,  and 
the  Santa  Susana  Moimtains,  is  a  body  of  shale,  sandstone,  con- 
glomerate, and  hmestone,  identified  by  their  fossils  with  the  Vaqueros, 
but  at  variance  with  that  formation  north  of  the  Santa  Clara  in 
the  accession  of  conglomerate  and  in  the  relative  proportions  of  the 
other  sediments.  Sandstone,  for  instance,  is  far  more  abundant  in 
the  formation  south  of  the  Santa  Clara  than  north  of  it.  Moreover, 
the  thickness  of  the  beds  is  greatly  reduced  south  of  the  river,  a  mini- 
mum of  400  or  500  feet  appearing  in  Oak  Ridge  and  South  Mountain, 
increasing  to  about  1,000  feet  in  the  Santa  Susana  Mountains. 

The  formation  south  of  the  Santa  Clara,  in  its  simplest  form,  con- 
sists of  300  or  400  feet  of  banded  chocolate  and  gray  argillaceous  and 
arenaceous  shales,  sandstones,  scattered  limestone  concretions,  and 
mare  or  less  persistent  mollusca-bearing  calcareous  grits,  similar  to 
the'  fossiliferous  Vaqueros  formation  of  the  Tar  Creek  amphitheater. 
As  a  rule  50  to  100  feet  of  massive,  coarse  gray  to  yellow  sand- 
stone, also  yielding  lower  Miocene  remains,  separate  the  formation 
from  the  red  and  gray  banded  beds  below,  and  another  very  similar 
bed,  40  or  50  feet  thick,  canying  fossils  of  the  same  age,  marks  the 
summit  of  th^  terrane.  This  upper  sandstone  divides  the  underlying 
shale  from  200  or  300  feet  of  other  shale  that  is  more  siliceous  and 
chalky  and  nearer  the  Monterey  type. 

Locally  the  shale  of  the  Vaqueros  formation  south  of  the  Santa 
Clara,  in  addition  to  its  chocolate  and  gray  colors,  assumes  faint  green, 
blue,  and  red  hues.  Thin  layers  of  white  limestone  appear  here  and 
there,  some  of  which  is  highly  crystalline,  with  almost  the  aspect  of 
marble.  The  sandstone,  particularly  in  the  eastern  half  of  the  field, 
where  it  is  better  developed,  carries  spherical  concretions  resembling 
those  of  the  lower  Modelo  stratum  north  of  the  Santa  Clara.  Besides 
the  molluscan  remains,  casts  and  imprints  of  foraminifera  are  common 
in  the  calcareous  and  siliceous  members  from  base  to  summit  of  the 
formation.  Toward  its  top  a  yellow  color  is  to  be  observed  at  many 
places,  pervading  alike  both  shale  and  sandstone.    « 

The  foregoing  description  of  the  Vaqueros  south  of  Santa  Clara 
River  is  more  particularly  applicable  to  that  portion  of  the  forma- 
tion which  lies  west  of  Garberson  Canyon.  East  of  this  region  con- 
siderable modification  occurs.     In  Wiley  Canyon,  for  instance,  the 
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heavy  sandstone  that  forms  so  conspicuous  a  feature  immediately 
above  the  red  and  gray  banded  beds  at  the  foot  of  the  main  range 
is  doubtless  the  local  representative  not  only  of  the  sandstone  bed 
farther  west,  but  also  of  a  considerable  proportion  of  the  chocolate 
and  gray  banded  sands  and  clays  that  overlie  that  bed.  The  change 
in  the  composition  of  the  beds  is  gradual  and  can  be  readily  followed. 
The  correlation  of  the  sandstone  is  finally  established  by  the  pres- 
ence of  fossils.  It  carries  pebbles  of  granitic  and  other  d6bri^  up  to 
4  inches  in  diameter  and  concretions  which,  as  already  meai^oned, 
closely  resemble  those  of  the  lower  Modelo  sandstone  nortli  of  the 
Santa  Clara.  The  full  thickness  of  the  bed  at  Wiley  Canyon  can 
hardly  be  less  than  600  feet  and  is  perhaps  even  in  excess  of  this. 
It  is  overlain  by  100  or  200  feet  of  gray  and  brown  arenaceous 
shales  and  sands,  a  remnant  of  the  beds  that  are  so  characteristic 
of  the  formation  farther  west,  and  these  are  succeeded  by  approxi- 
mately 200  feet  of  thin-bedded  yellow  sand  and  100  feet  of  bro^vn, 
gray,  and  white  shale,  which  constitutes  the  uppermost  member  of 
the  formation.  The  total  thickness  between  the  red  and  gray 
banded  sandstone  and  shale  of  possible  Eocene  age  and  the  siliceous 
shale  of  Monterey  type  capping  the  crest  of  the  mountain  is  prob- 
ably not  less  than  1,000  feet. 

The  beds  cut  by  Tapo  Canyon  are  broadly  separable  into  the 
same  formations  as  elsewhere  in  the  Santa  Susana  Mountains,  but 
their  defining  lines  are  more  or  less  indistinct,  and  in  some  places 
it  is  not  certain  to  which  of  the  two  principal  formations  the 
strata  should  be  referred.  There  appears  to  be  conformability,  not 
to  suggest  transition,  between  the  Miocene  and  Pliocene  series  at 
this  point,  although  unconformability  is  the  rule  dt'er  the  Coast 
Range  territory.  The  younger  series  is,  however,  marked  by  con- 
glomerates, while  the  older  is  more  shaly  and  its  sandstones  are 
more  thinly  bedded.  Here  and  there  the  older  sandstones  are  con- 
cretionary. The  shales  are  brown  or  chocolate  colored,  show  a  sili- 
ceous tendency,  and  increase  in  proportion  to  the  sandstones  as 
depth  in  the  series  is  gained.  In  the  ridge  between  the  middle  and 
east  forks  of  Tapo  Creek  fully  400  or  500  feet  of  shale,  with  a  mini- 
mum of  sandstone,  underlies  the  higher,  more  sandy  members.  Both 
shale  and  sandstone  are  locally  bituminous,  and  from  them  come 
several  oil  seepages  of  importance.  In  this  series  the  wells  of  Tapo 
Canyon  have  been  sunk.  The  foregoing  description  of  the  older 
succession  of  strata  in  these  canyons  suggests  correlation  with  the 
banded  sands  aild  chocolate-colored  shale  of  Torrey  and  Wiley  can- 
yons and  even  in  part  with  the  Modelo  north  of  the  Santa  Clara, 
though  no  fossils  have  been  observed  in  either  group  of  beds.  In 
Tapo  Canyon  there  is  not  less  than  2,000  feet  of  the  formation 
exposed,  in  Wiley  Canyon  the  thickness  is  less  than  1,000  feet,  and 
farther  west  it  is  barely  500  feet. 
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In  the  region  of  Pico  Ganyon  and  to  the  southeast  the  beds 
mapped  as  Vaqueros  consist  of  a  great  mass  of  thin-bedded  shale 
overlain  by  brown  shale,  with  some  more  or  less  important  sand- 
stone layers.  Above  these  occur  conglomerate,  sandstone,  and  are- 
naceous clay,  which  are  believed  to  belong  to  the  Fernando  forma- 
tion, and  are  so  mapped,  although  no  sharp  line  of  demarcation  was 
discovered  between  the  two  formations. 

The  following  fossils  have  been  obtained  from  beds  mapped  as 
Vaqueros  in  the  region  south  of  Santa  Clara  River.  Owing  to  the 
limited  number  of  species  represented  the  correlations  are  necessa- 
rily very  broad.     The  identifications  are  by  Ralph  Arnold. 

Fossils  from  Vaqueros  formation  south  of  Santa  Clara  River. 
ELKIN'S  RANCH,  OAK  RIDGE,  EAST  OF  GRIMES  CANYON. 

Ostrea  eldridgei  Arnold  (PL  XXIX,  figs.  2,  2a). 
Turritella  ineziana  Conrad  var.  (PI.  XLI,  fig.  4). 

GULCH  EAST  OF  WILEY  CANYON. 

Pecten  (Ilinnites)  giganteus  Gray  (PL  XXXII,  fig.  1). 
Turritella  ineziana  Conrad  var.  (PI.  XLI,  fig.  4). 

CHAFFEE  CANYON. 

Cardium  n.  sp. 

Dosinia  n.  sp. 

Ostrea  sp.  aff.  titan  Conrad. 

Panopea  generosa  Gould  var. 

Phacoides  sp. 

Acmaea  or  Trochita  sp. 

Turritella  cf.  ineziana  Conrad. 

TORREY  CANYON  AND  VICINITY. 

Scutella  fairbanksi  Merriam  (PL  XXIX,  fig.  3,  and  PL  XXX,  fig.  3). 
Mytilus  mathewsonii  Gabb  var.  expansus  Arnold  (PL  XXX,  fig.  2). 
Ostrea  sp.  aff.  titan  Conrad. 
Pecten  sespeensis  var.  hydei  Arnold  (PL  XXXI,  fig.  2). 

MODELO  FORMATION. 
GENERAL   CHARACTER. 

The  Modelo  formation  embraces  at  least  two  prominent  bodies  of 
sandstone  and  two  of  shale.  The  shale  at  many  points  bears  a 
marked  resemblance  to  that  of  the  Monterey  (middle  Miocene),  both 
from  a  lithologic  and  a  paleontologic  standpoint,  and  it  may  be  that 
it  is  the  correlative  of  that  formation.  The  Modelo  is  distributed 
over  a  broad  area  north  of  the  Santa  Clara  Valley  and  through  folding 
and  faulting  its  members  are  brought  into  most  complex  relation- 
ships. However,  it  is  believed  that  the  distinctions  given  below 
will  serve  as  a  satisfactory  means  of  differentiation. 
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LOWER    SANDSTONE. 

The  lowest  member,  a  massive,  heavy-bedded  sandstone,  rests 
directly  and  apparently  conformably  upon  the  Vaqueros  shale.  It 
varies  in  thickness  from  200  or  300  feet  to  perhaps  1,500  or  2,000 
feet.  It  is  white  to  yellowish  gray  in  color.  Locally  the  sandstone 
is  gritty,  bearing  also  a  dark-gray  to  black  chert,  and  a  few  pebbles 
of  another  sandstone.  It  contains  spherical  and  elliptical  concre- 
tions from  1  foot  to  5  feet  in  diameter,  which  are  so  prominent  and 
so  resistant  to  weathering  as  to  form  a  conspicuous  characteristic  of 
the  member,  the  more  so  because  ot  the  utter  lack  of  such  concre- 
tionary bodies  in  a  second,  otherwise  similar  sandstone  that  occurs 
higher  up.  The  upper  half  of  the  sandstone  is  less  concretionan^ 
than  the  lower  and  is  also  thinner  bedded,  the  layers  being  separated 
by  shale  of  a  dark-drab  color,  which  carry  scattered  gray  limestone 
concretions  that  weather  yellow.  Traces  of  organic  life  are  also 
visible.     This  member  is  usually  stained  dark  with  petroleum. 

This  lower  sandstone  early  received  the  name  Modelo,  but  the 
writer  has  thought  it  best  to  assign  the  name  tentatively  to  the  entire 
formation  described  in  the  opening  lines  of  this  section.  The  sand- 
stone is  best  displayed  in  the  bold  escarpment  east  of  Tar  Creek  and 
is  also  heavily  developed  in  Hopper  Canyon  and  at  the  head  of 
Modelo  Canyon.  A  large  number  of  productive  wells  have  been 
drilled  in  Modelo  Canyon,  the  oil  being  doubtless  derived  from  some 
of  the  lower  horizons  of  the  formation.  Plate  II,  Aj  gives  an  idea  of 
the  appearance  of  this  sandstone  in  the  region  north  of  the  Modelo 
wells. 

UPPER    SANDSTONE. 

The  upper  sandstone  of  the  Modelo  formation  is  but  little  less  con- 
spicuous than  the  lower,  although  its  maximum  thickness  has  been 
estimated  at  only  900  feet  and  in  many  places  it  is  even  less.  It  has 
the  same  mineral  constitution  as  the  lower  bed,  being  composed  of 
white,  subangular  quartz,  with  a  trace  of  the  salts  of  iron,  which 
have  colored  it  slightly  yellowish.  A  considerable  amount  of  dark 
chert  is  also  present,  and  in  one  locality  beautiful  green  and  brown 
pebbles  of  siliceous  shale  were  observed.  The  member  is,  however, 
nonconcretionary.  It  is  also  thinner  bedded  than  the  lower  sand- 
stone and  for  100  feet  at  the  base  is  not  only  comparatively  micaceous, 
but  is  split  by  minor  bodies  of  shale,  the  whole  somewhat  darker  than 
the  portion  overlying,  seemingly  from  the  presence  of  dried  petroleum. 
This  portion  weathers  a  peculiar  bluish  gray. 

This  sandstone  is  conspicuously  developed  in  the  region  of  Hopper 
Canyon,  where  it  Hes  in  a  well-marked  syncline  that  to  the  east  is 
sharply  compressed  and,  perhaps,  faulted.  South  of  this  syncline  the 
sandstone  is  involved  in  one  or  two  other  folds  and  finally,  between 
Hopper  and  Nigger  canyons,  passes  beneath  the  Santa  Clara  Valley. 
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SHALE   IN   THE    MODELO. 

.  The  two  sandstones  described  above  are  divided  by  a  body  of  earthy 
shale,  gray  to  brown,  which  bears  limestone  concretions  weathering 
yellow  and  whose  thickness  has  been  variously  estimated  at  400  to 
1,600  feet.  Overlying  the  upper  sandstone  is  a  second  body  of  shale, 
of  imcertain  thickness  owing  to  the  fact  that  in  the  region  under  dis- 
cussion not  only  has  erosion  removed  the  sediments  down  to  an  unde- 
termined horizon  in  the  formation,  but  an  unconformity  also  exists 
between  this  and  the  overlying  formation.  However,  the  thickness  is 
variously  estimated  at  between  200  and  1,500  feet,  according  to 
locality.  This  shale  is  indistinguishable  from  that  separating  the  two 
Modelo  sandstones  already  described.  Both  vary  from  a  granular, 
siliceous  type  to  one  of  an  earthy  and  fissile  character,  more  readily 
breaking  down  imder  the  influence  of  weathering.  The  color  of  the 
lower  bed  is  conunonly  light  gray;  that  of  the  upper  may  be  brown, 
gray,  or  yellowish.  Both  bodies  carry  calcareous  layers  and  here  and 
there  lenticular  limestone  concretions  that  weather  yellow.  Were 
the  upper  sandstone  to  disappear  the  shales  above  and  below  would 
become  a  single  mass,  uniform  in  their  general  features,  from  top  to 
bottom;  were  both  sandstones  to  disappear  it  would  be  difficult  to  dis- 
tinguish these  rocks  from  the  upper  portion  of  the  Vaqueros  formation. 
They  would  be  more  readily  differentiated  from  the  lower  portion  of 
the  Vaqueros,  however,  by  the  variety  of  color  in  the  older  beds  and 
by  the  marked  change  to  the  rusty,  calcereo-arenaceous  grit  at  their 
base. 

VARLITION    IN    COMPOSITION   OF   THE    MODELO. 

The  foregoing  paragraphs  describe  what  appears  to  be  the  normal 
section  of  the  Modelo  formation,  but  the  aspect  varies  somewhat  from 
point  to  point,  by  reason  of  the  subdivision  of  the  sandstones  and  the 
changes  in  their  relative  porportion  to  the  formation  as  a  whole.  At 
the  head  of  Modelo  Canyon,  for  instance,  the  outcropping  portion  of 
the  lower  sandstone  appears  to  be  split  into  two  bodies,  each  300  feet 
thick,  by  60  to  100  feet  of  shale,  and  a  similar  division  is  shown  by 
the  logs  of  wells  drilled  in  this  canyon.  What  may  prove  to  be  the 
upper  sandstone  is  separated  from  the  lower  by  only  about  200  feet 
of  brown  shale  as  compared  with  400  to  1,600  feet  in  the  normal  sec- 
tion. The  enormous  development  of  the  Modelo  sandstones  in  the 
lofty  divide  separating  Tar  Creek  from  the  drainage  of  Hopper  Canyon 
and  Piru  Creek  is  also  at  variance  with  the  average  thickness  of  either 
of  these  members,  and  it  may  be  that  the  shales  are  reduced  to  a 
Tninimum  in  this  locality,  resulting  in  a  sandstone  facies  for  this 
formation  amounting  to  at  least  2,000  feet. 

South  of  Santa  Clara  River  the  Modelo  formation  is  unrecognized, 
nor  is  it  possible  to  find  for  it  a  proved  correlative.  Certain  sand- 
stones assigned  here  to  the  Vaqueros  terrane  carry  concretions  that 

.y,_.oy  Google 


20  OIL   DISTRICTS   OF   SOUTHERN    CALIFORNIA. 

closely  resemble  those  in  the  lower  Modelo  sandstone,  and  the  asso- 
ciated shale  is  also  very  much  like  the  shales  of  the  Modelo  series 
north  of  the  river.  Yet  these  beds  south  of  the  Santa  Clara  contain 
fossils  similar  in  a  measure  to  those  of  the  lower  members  of  the  Vaque- 
ros  in  the  Tar  Creek,  Little  Sespe,  and  adjacent  districts.  This, 
with  the  diminished  thickness  south  of  the  river,  suggests  a  rapid  and 
marked  variation  in  conditions  during  the  sedimentation  of  these 
mportant  formations  in  the  Santa  Clara  Valley. 

All  the  shales  of  the  Modelo  formation,  as  well  as  those  of  the  Vaque- 
ros,  carry  at  one  horizon  or  another  minute  foraminiferal  remains 
and  fish  integuments,  similar  in  general  appearance  to  those  com- 
monly present  in  the  Monterey  shale  in  other  portions  of  California. 

Many  of  the  layers  in  the  Miocene  shales,  whether  older  or  yoimger, 
are  flecked  with  particles  of  dried  bitumen,  indicating  a  general  dis- 
tribution of  petroleum  throughout  the  shales  and  suggesting  that  it 
may  have  been  derived  from  the  abundant  organic  life  once  present 
in  them. 

The  lower  Modelo  sandstone  also  bears  considerable  bitumen  in  the 
region  of  Modelo  Canyon,  and  it  is  said  that  in  summer  it  yields  numer- 
ous seepages  of  a  comparatively  light  petroleum. 

SUPPOSED  MODELO  BEDS  IN  THE  OJAI  VALLEY  AND  SULPHUR  MOUNTAIN. 

The  supposed  equivalent  of  the  Modelo  in  the  Ojai  Valley  and  Sul- 
phur Mountain  is  confined  to  beds  similar  to  those  which  characterize 
the  upper  portion  of  the  formation  in  the  type  locality;  that  is,  it  con- 
sists of  shale,  siliceous,  chalky,  or  earthy,  in  color  white,  gray,  or 
locally  maroon,  carrying  the  customary  limestone  concretions  an3  inter- 
bedded  here  and  there  with  sandstone  of  fine  grain  and  a  thickness  up 
to  10  or  15  feet.  In  the  shale  are  found  the  usual  foraminiferal  remains, 
abundant  pieces  of  fish  integument,  and,  it  is  reported,  even  bony  fish 
skeletons.  The  soil  formed  by  the  disintegration  of  the  formation  is 
black.  The  extreme  silicification  that  is  so  common  a  feature  of  the 
shale  immediately  at  and  below  a  mountain  crest  in  other  localities 
is  repeated  in  Sulphur  Mountain.  The  thickness  of  the  formation  in 
the  region  imder  discussion  seems  to  be  at  least  1,500  feet. 

CORRELATION   OF  THE   UPPER   SHALY  PORTION   OF  THE   MODELO  WITH 
THE    MONTEREY   SHALE. 

In  the  Santa  Clara  district  the  presence  of  the  Monterey  formation 
is  uncertain,  although  the  uppermost  shale  of  the  Modelo  north  of  the 
river  and  the  great  mass  of  siliceous  shale  and  **  chalk  rock'^  that  so 
conspicuously  caps  the  Santa  Susana  Moimtains,  Oak  Ridge,  and 
South  Mountain,  south  of  the  river,  may  be  a  part  of  it.    Only  one 
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fossil,  the  cast  of  a  thin  flat  pecten,  closely  resembling  Pecten  pedroanus 
Trask  (PI.  XXXVI,  figs.  5,  6),  has  so  far  been  found  in  these  shales; 
this  was  obtained  in  the  outcrop  immediately  east  of  the  road  in  Sul- 
phur Canyon,  southwest  of  Bardsdale.  This  evidence,  however,  sup- 
ports the  suspected  correlation,  which  otherwise  is  based  on  lithologic 
resemblances  only.  It  might  be  well  to  say,  furthermore,  that  the 
type  locality  of  Pecten  pecJcJiami  Gabb  (PL  XXXI,  fig.  3)  is  the  Ojai 
VaUey  (probably  in  the  shale  on  the  south  side)  and  that  this  species 
is  unusually  abimdant  in  the  Monterey  shale  in  most  regions  where 
the  formation  is  known. 

DIFFICULTIES  OF  CORRELATION  BETWEEN  NORTH  AND  SOUTH  SIDES  OF 
Si^NTA   CLARA    VALLEY. 

The  division  of  the  great  series  of  beds  north  of  the  Santa  Clara  into  the 
Vaqueros  and  Modelo  is  made  easy  by  the  abrupt  and  marked  change  in 
the  character  of  the  sediments  .at  the  contact  of  the  lower  Modelo 
sandstone  and  the  underlying  shale.  South  of  the  river  this  division 
does  not  appear  to  hold,  yet  one  or  another  of  the  characteristics  of 
the  Miocene,  taken  as  a  whole,  north  of  the  river  reappears  on  thei 
south  side,  suggesting  that  the  beds  on  both  sides  of  the  valley  from 
base  to  summit  should  be  included  in  a  single  formation.  The  diflS- 
culty  of  correlation  south  of  the  river  is  greatly  increased  by  the  pres- 
ence of  sharp  folds  and  faults.  For  example,  in  the  normal  succession 
the  siliceous  shale  and  the  *' chalk  rock"  unquestionably  overlie 
beds  of  altogether  different  character,  identified  as  the  Vaqueros;  yet 
at  the  east  end  of  Oak  Ridge  and  in  the  western  portion  of  the 
Santa  Susana  Moimtains  an  equally  heavy  body  of  siliceous  shale 
appears  to  dip  beneath  similar  shale  that  is  believed  to  be  of  lower 
Miocene  age.  This  unusual  succession  may  be  attributable  to  fault- 
ing, the  siliceous  shale  being  the  younger.  On  the  other  hand,  it 
may  possibly  be  that  the  siliceous  shale  capping  Oak  Ridge  corresponds 
to  the  mass  of  siliceous  shale  that  occurs  as  the  uppermost  of  the 
Vaqueros  beds  in  their  type  locality.  In  this  case  the  Modelo  would 
be  entirely  wanting  south  of  the  river. 

Another  element  in  the  difiiculty  of  correlating  the  formations  on 
opposite  sides  of  Santa  Clara  River  is  the  remarkable  decrease  in 
thickness  toward  the  south.  It  would  seem  that  the  formations 
referred  to  have  their  type  and  maximum  development  north  of  the 
Santa  Clara,  and  that  south  of  the  river  the  formations  are  thin,  either 
through  lack  of  material  or  through  rapid  changes  in  the  attitude  of 
the  land,  which  resulted  in  intervals  of  nondeposition  or  even  of  ero- 
sion during  the  time  the  beds  were  being  laid  down, 
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BURNING   OF   THE    SHALE. 

The  siliceous  shale  and  ''chalk rock ''  forming  the  crest  of  the  moun- 
tains south  of  the  Santa  Clara  have  at  many  points  been  burned  to  a 
bright-red  color.  The  fuel  which  supported  such  fires  was  perhaps 
the  originally  contained  petroleum. 

Opposed  to  this  view,  however,  is  the  very  considerable  depth  to 
which  the  shale  has  been  altered  to  a  brilliant-red  lava-like  rock;  hence 
it  may  be  inferred  that  spontaneous  combustion  alone  has  brought 
about  the  modification. 

FERNANDO    FORMATION. 
GENERAL   CHARACTER   AND    AGE. 

The  rocks  that  have  received  the  name  Fernando **  consist  of  an 
enormous  succession  of  conglomerates,  sandstones,  and  arenaceous 
clays,  largely  of  Pliocene  age,  developed  over  considerable  portions  of 
southern  California.  Fossils  collected  at  many  localities  and  at  many 
horizons  throughout  the  formation  indicate  that  it  extends  from  the 
upper  Miocene  (San  Pablo  formation  of  the  general  geologic  coliunn 
of  the  State)  well  up  in  the  Pleistocene  (San  Pedro  formation).  It 
is  possible  to  subdivide  the  formation  locally  on  both  lithologic  and 
paleontologic  grounds,  but  taken  over  a  considerable  extent  of  terri- 
•tory  these  divisions  merge  into  one  another  both  stratigraphically  and 
geographically  by  insensible  gradations.  An  unconformity  usually 
marks  both  the  bftse  and  the  top  of  the  formation,  although  in  several 
localities  in  the  Santa  Clara  region  that  at  the  base  is  difficult  if  not 
impossible  to  detect. 

Along  the  sides  of  the  Santa  Susana  Mountains  and  Oak  Ridge  and 
in  the  jegion  east  of  Newhall  the  coarser  beds  of  this  formation  are 
usually  white,  gray,  or  yellow,  the  clays  bluish  gray.  The  material 
of  the  conglomerate  is  principally  granitic,  but  pebbles  of  the  inter- 
mediate formations  are  occasionally  found.  In  the  limited  region 
under  survey  no  established  succession  of  the  different  sediments  was 
observed,  although  a  broader  field  would  doubtless  reveal  it.  The 
unconformities  are  always  to  be  reckoned  with,  and  to  them  may  be 
due  in  large  measure  the  variations  in  the  rocks  that  are  in  contact. 
Incidentally  it  may  be  observed  that  perhaps  to  them  also  may  be 
due  the  fact  that  whereas  south  of  the  general  fold  out  of  which  the 
several  ranges  are  formed  the  Fernando  is  usually  in  contact  with 
siliceous  shale,  north  of  the  anticline,  on  the  slopes  of  the  Santa  Susana 
Mountams,  it  is  found  resting  directly  upon  beds  that  are  of  the 
Vaqueros  f  acies. 

a  A  term  applied  In  unpublished  maps  by  Homer  Hamlin  a  number  of  years  ago  to  the  beds  above  the 
siliceous  shale  skirting  the  sides  of  the  San  Fernando  Valley,  Los  Angeles  County— the  general  equiva- 
lents of  all  the  post-Modelo,  pre-Saugus  beds  In  the  Santa  Clara  province. 
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In  the  vicinity  of  the  Piru  Valley  the  Fernando  formation  consists 
in  ascending  order  of  (1)  a  thick  body  of  sandstone  and  conglomerate; 
(2)  sandy  shale  and  clay;  and  (3)  heavy-bedded  coarse  conglomerate. 
These  form  the  northern  slope  of  the  ridge  north  of  Camulos,  the  dis- 
tance of  about  4,000  feet  being  equally  divided  among  them.  Over- 
lying the  upper  conglomerate  are  several  hundred  feet  of  greenish-gray 
clay,  and  it  is  believed  that  this  is  succeeded  in  turn  by  1,500  to  2,000 
feet  of  alternating  sandstone  and  conglomerate.  If  the  succession  is 
continued,  clays  then  follow  to  the  valley  of  the  Santa  Clara.  In  all, 
the  formation  is  fully  5,000  or  6,000  feet  thick  in  this  vicinity,  and  if 
its  thickness  could  be  determined  over  the  entire  area  that  amount 
would  doubtless  be  increased  by  many  thousands  of  feet.  The  mate- 
rials of  the  conglomerates  include  granite,  shale  derived  from'  the 
Miocene,  and  a  few  eruptives. 

North  of  the  Santa  Clara  Valley,  extending  from  the  mouth  of  Sespe 
Canyon  westward  to  the  Pacific  Ocean  at  Ventura,  is  another  exten- 
sive area  of  the  Fernando.  The  formation  is  best  developed  in  the 
hills  between  Santa  Clara  River  and  Sulphur  Moimtain,  where  the 
succession  consists  of  sandstones  and  conglomerates,  underlain  by  a 
thick  body  of  clay  dirt-brown  to  gray  in  color.  This  clay  is  arenace- 
ous and  grades  into  sandstone  both  transverse  to  the  strata  and  along 
the  strike.  In  places  even  pebbly  layers  may  be  found  in  this  part  of 
the  formation.  Beneath  the  clay  is  another  mass  of  heavy-bedded 
sandstone  and  conglomerate,  separated  by  minor  layers  of  clay, 
resembling  that  just  described.  If  there  are  not  faults  in  these  beds — 
and  none  were  detected — the  thickness  can  hardly  be  less  than  8,000 
or  10,000  feet,  about  equally  divided  between  the  three  varieties  of 
sediments  mentioned.  Some  of  the  lower  sands  are  bituminous  and 
their  associated  clays  are  brown  or  blue. 

On  the  lower  slopes  of  San  Cayetano  Mountain,  making  up  a  part  of 
the  area  outlined  in  the  preceding  paragraph,  is  a  mass  of  gray  clay  and 
shale,  sandstone,  and  heavy  gravel  beds,  all  more  or  less  hardened 
and  resistant  to  weathering,  which  belong  to  the  upper  Fernando. 
The  pebbles  making  up  the  gravel  deposits  are  granite,  quartsite,  sand- 
stone, limestone,  and  the  harder  shale  all  derived  from  the  moxm- 
tains  of  the  Sespe  region. 

PALEONTOLOGY   OP  THE   FERNANDO   FORMATION. 

At  least  three  distinct  faunas  are  recognizable  in  the  Fernando, 
representing  what  are  thought  to  be  in  a  very  general  way  the  bottom, 
middle,  and  top  of  the  formation.  The  oldest  fauna  was  found  in  the 
sre&  north  and  northeast  of  Camulos,  and  is,  according  to  J.  C.  Mer- 
riam,  the  equivalent  of  the  fauna  of  at  least  a  part  of  the  San  Pablo 
formation.  The  middle  fauna  was  found  well  developed  in  the  region 
of  Elsmere  Canyon  and  Fernando  Pass,  and  probably  represents  the 
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typical  fossiliferous  portion  of  the  Purisima  and  the  lower  part  of  the 
San  Diego  formation.  The  upper  portion  of  the  Fernando  extends 
well  up  into  the  Pleistocene,  as  is  attested  by  the  fossils  found  at  Bar- 
low^s  ranch  and  on  the  south  slopes  of  Mount  San  Cayetano;  these 
have  been  correlated  with  the  fauna  contained  in  the  San  Pedro  for- 
mation. 

LOWER  FERNANDO   FAUNA. 

The  following  species  have  been  foimd  in  what  is  supposed  to  be 
the  oldest  portion  of  the  Fernando,  in  the  region  north  of  Camulos:" 

Fossils  from  the  lower  part  of  the  Fernando  fomuUionf  near  Camulos. 

[Those  marked  ''a"  are  from  the  light-colored  shale  underlying  the  conglomerate  on  Santa  FeUcia 
Creek;  "  b, "  from  conglomerate  5  miles  northeast  of  Camalos; '  'c, "  from  fine  conglomerate  and  coarse 
sandstone  1  mile  north  of  Camulos;  **d,"  from  coarse  conglomerate  1  mile  north  of  Camulos;  "e," 
from  conglomerate  on  the  east  side  of  Piru  Creek,  near  the  railroad  bridge.] 

Area  camuloeneis  Osmont  (b,  d)  (PI.  XXXVII,  figs.  1,  la,  lb). 

Biilloid  n.  sp.  (c). 

Callista  subdiaphana  Carpenter  (c)  (PI.  XXXIX,  fig.  3;. 

Oancellaria  n.  sp.  (b).  • 

Cardium  sp.  (b). 

Chlorostoma  sp.  (c). 

Chrysodomus  n.  sp.  (1)  (b). 

€hry8odomu8  n.  sp.  (2)  (c,  d). 

Conns  califomicus  Hinds  (b,  e). 

Conus  cast,  sp.  indet.  (c). 

Corbula  n.  sp.  (c). 

Doeinia  ponderosa  Gray?  (c). 

Echinarachnius,  near  excentricus  Eschscholtz  (a). 

Fusus  rugosus  Trask  (d). 

Leda  taphria  Ball  (b,  c)  (PL  XXXVIII,  fig.  5;. 

Lunatia  lewisii  Gould  (c,  d). 

Macoma,  near  secta  Conrad  (a). 

Macoma  secta  Conrad  (b). 

Mangilia  sp.,  probably  new  (c). 

Metis  alta  Conrad?  (d). 

Nassa  calif omiana  Conrad  (b). 

Nucula  castrensis  Hinds  (d). 

Nucula  n.  sp.  (c,  d). 

Ostrea  veatchii  Gabb  (d)  (PL  XXXIX,  fig.  n. 

Pachypoma  n.  sp.  (a,  b). 

Pecten  bellus  Conrad  (e)  (PL  XXXV,  fig.  3). 

Pecten  cerrosensis  Gabb  (c,  d)  (PL  XXXV,  fig.  6). 

Pecten  merriami  Arnold  (a)  (PL  XXXVI,  fig.  9). 

Priene  oregonensis  Redfield  var.  angelensis  Arnold  (PL  XL,  fig.  11) 

Phacoides  sp.,  probably  new  (b). 

Solen  sicarius  Gould  (a). 

Turritella  n.  sp.  (b). 

Yoldia  scissurata  Dall  (c). 

a  Collected  by  W.  L.  Watts;  identified  by  J,  C.  Merrlam;  listed  in  Bull.  California  State  Mining 
Bureau  No.  19, 1900,  pp.  220-222. 
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MIDDLE   FERNANDO  FAUNA. 

The  following  species,  found  in  Elsmere  Canyon  and  the  region  of 
Fernando  Pass,  apparently  represent  a  somewhat  later  fauna  ^han 
that  just  described.     The  identifications  are  by  Ralph  Arnold. 

Fossils  from  the  middle  of  the  Fernando  formation,  Elsmere  Canyon. 

Amiantis  calloea  Conrad  (PI.  XXXIX,  fig.  2). 

Area  trilineata  Conrad  (PL  XXXVIII,  figa.  3,  4). 

Calliflta  subdiaphana  Carpenter  (PL  XXXIX,  fig.  3). 

Cancellaria  fernandoensis  Arnold  (PL  XL,  fig.  4). 

Cardium  quadrigenarium  Conrad  var.  fernandoensis  Arnold  (PL  XXXVIII, 

fig.  2). 
Chione  n.  sp.  (small). 
Chrysodomus  amoldi  Rivera. 
Cryptomya  califomica  Conrad. 
Cypraea  fernandoensis  Arnold  (PL  XL,  fig.  8). 
Dolichotoma  cf.  carpenteriana  Gabb. 
Macoma  indentata  Carpenter. 
Macoma  sp. 

Mactra  cf.  hemphilli  Dall. 
Modiolus  rectus  Conrad. 
Monia  macroschisma  Dall. 
Murex  eldridgei  Arnold  (PL  XTi,  fig.  12). 
Mya  truncata  Linn6. 
Neptunea  humerosa  Gabb. 

Neverita  recluziana  Petit  (PL  XXXVIII,  fig.  6). 
Olivella  intorta  Carpenter. 
Panopea  generosa  Gould. 

Pecten  cf.  caurinus  Gould  (PL  XXXVI,  fig.  1). 
Pecten  estrellanus  Conrad  var.  catalinee  Arnold. 
Pecten  healeyi  Arnold,  17  rib.  var,  (PL  XXXIV,  fig.  1). 
Pecten  cf.  parmeleei  Dall  (PL  XXXVI,  fig.  7). 
Phacoides  acutilineatus  Conrad. 

Pisania  fortis  Carpenter  var.  angulata  Arnold  (?\.  XL,  figs.  0  and  7). 
Priene  oregonensis  Redfield,  var.  angelensis  Arnold  (PL  XL,  fig.  11). 
Tapes  tenerrima  Carpenter. 
Tellina  idse  Dall  (?). 
Triton ium  sp. 

Trochita  filosa  Gabb  (PL  XL,  figs.  2,  2a). 
Turritella  cooperi  Carpenter,  var.  fernandoensis  Arnold  (PL  XLI,  fig.  13). 

UPPER  FERNANDO   FAUNA. 

Lists  of  species  from  three  localities  are  given  to  show  the  char- 
acteristics of  the  fauiia  of  the  upper  portion  of  the  Fernando.  The 
fossils  in  the  first  list  may  possibly  be  slightly  older  than  those  in 
the  second,  which  in  turn  appear  to  be  a  little  older  than  those  in 
the  third.  The  species  from  Barlow's  ranch  have  been  correlated 
w^ith  the  fauna  contained  in  the  upper  fossiliferous  beds  at  San 
Pedro,  which  are  well  up  in  the  Pleistocene. 


Digitized  by  VjOOQIC 


26  OIL   DISTRICTS   OF   SOUTHERN    CALIFORNIA. 

Fossils  from  the  upper  part  of  the  Fernando  fomtation. 

NORTHWEST  OF  SANTA  PAULA. « 

[Those  followed  by  an  "E"  are  from  Ooat  Mountain,  near  the  mouth  of  Adams  Canyon:  those  fol- 
lowed by  an  "F"  are  from  Santa  Paula  Creek,  between  Mupa  schoolhouse and  Sulphur  Mountain.] 

Astrodapsis  whitneyi  Conrad  (F), 

Astyrifl  richthofeni  Gabb  (E). 

Bittium  aspereum  Gabb  (E). 

Cardium  corbis  Conrad  (E). 

Cardium  procerum  Sowerby  (F). 

Chione  mathewsoni  Gabb  (F). 

Chione  whitneyi  Gabb  (F). 

Chorus  belcheri  Hinds  (F). 

Clidiophora  punctata  Conrad  (E). 

Crepidula  princeps  Conrad  (E). 

Cryptomya  califomica  Conrad  (E). 

Dentalium  semipolitum^Broderip  (F). 

Echinarachnius  excentricus  Eachscholtz  (F). 

Galerus  inornatus  Gabb  (F). 

Glycymeris  intermedia  Broderip  (F). 

Hipponyx  oranioides  Carpenter  (F). 

Lacuna  solidula  Loven  (E). 

Lsevicardium  centifilosum  Carpenter  (F). 

Lunatia  lewisii  Gould  (E). 

Macoma  n.  sp.  (F). 

Metis  alta  Conrad  (E). 

Mitra  maura  Swainson  (E). 

Modiolus  rectus  Conrad  (E). 

Monoceros  lugubre  Sowerby  (F). 

Murex  monoceros  Sowerby  (F). 

Nassa  califomiana  Conrad  (E). 

Nassa  perpinguis  Hinds  (E). 

Nassa  mendica  var.  cooperi  Forbes  (F). 

Neptunea  altispira  Gabb  (E). 

Olivella  intorta  Carponter  (E). 

Panopea  generosa  Gould  (E). 

Psephis  tantilla  Gould  (E). 

Semele  n.  sp.  (E). 

Solen  rosaceus  Carpenter  (E,  F). 

Siliquaria  edentula  Gabb  (F). 

Spisula  planulata  Conrad  (E). 

Tellina  idee  Ball  (E). 

Tresus  nuttalli  Conrad  (E). 

Triton  gibbosus  Broderip  (E). 

Turritella  jewetti  Carpenter  (E)  (PI.  XLI,  fig.  15). 

Turbonilla  sp.  (F). 

SOUTHEASTERN  FLANKS  OF  MOUNT  SAN  CAYETANO.t 

Area  cf.  labiata  Sowerby. 
Bittium  cf.  asperum  Gabb. 
Nassa  perpinguis  Hinds. 
Calliostoma  or  Margarita  sp. 


oCoUected  by  W.  L.  Watts;    Identified  by  J.  G.  Cooper;   listed  in  Bull.  California  State  Minlnf 
Bureau,  No.  II.  1897.  pp.  81-83. 
^  Collected  by  tde  writer;  idenlified  by  Knlph  Arnold. 
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Cardium  cf.  quadrigenarium  Conrad  (?). 

Crepidula  cf.  rugoea  Nuttall. 

Lacuna  (?)  sp. 

Leda  sp. 

Macoma  sp. 

Modiolus  (?). 

Olivella  sp. 

Pholadidea  cf.  penita  Conrad. 

Psephifl  cf.  lordi  Carpenter. 

Saxidomus  gracilis  Gould. 

Siliqua  patula  Dixon  (?). 

Tapes  staniinea  Conrad. 

Tresus  nuttalli  Conrad  (?). 

Turritella  cooperi  Carpenter  (PI.  XLI,  fig.  14). 

Yoldia  (?)  sp. 

BARLOW'S  RANCH,  3  MILES  EAST  OF  VENTURA.* 

Acmsea  pelta  Eschscholtz. 

Actfieon  (Rictaxis)  punctocoelata  Carpenter. 

Angulus  buttoni  Dall. 

Anomia  lampe  Gray. 

Balanus  concavus  Bronn. 

Bittium  asperum  Gabb. 

Cadulus  fusiformis  Sharp  and  Pilsbry. 

Cancellaria  tritonidea  Gabb. 

Chione  succincta  Valenciennes. 

Chloroetoma  funebrale  A.  Adams. 

Chorus  belcheri  Hinds. 

Columbella  (Astyris)  gausapata  Gould. 

(Jolumbella  (Astyris)  gausapata,  var.  carinata  Hinds. 

Crepidula  adunca  Sowerby. 

Cryptomya  califomica  Conrad. 

Cylichna  alba  Brown. 

Dentalium  hexagonum  Sowerby. 

Donax  laevigata  Deshayes. 

Drillia  hemphilli  Steams. 

Drillia  inermis  Hinds. 

Drillia  inermis  var.  penicillata  Carpenter. 

Echinarachinius  excentricus  Eischscholtz. 

Eulima  micans  Carpenter. 

Eulima  hastata  Sowerby. 

Lacuna  compacta  Carpenter. 

Littorina  scutulata  Gould. 

Macoma  nasuta  Conrad. 

Mactra  catilliformis  Conrad. 

Mangilia  angulata  Carpenter. 

Modiolus  fornicatus  Carpenter. 

Mon(M*eros  engonatum  Conrad. 

Nassa  califomianum  Conrad. 

Nassa  fossata  Gould. 

Nassa  mendica  Gould. 

Nassa  perpinguis  Hinds. 


«  Arnold,  Ralph,  The  paleontology  and  stratigraphy  of  the  marine  Pliocene  and  Pleistocene  of  San 
Pedro,  Cal.:  Mem.  California  Acad.  Sci.,  vol.  3, 19U2,  p.  55. 
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Neverita  recluziana  Petit. 

Neverita  recluziana  var.  alta  Dall. 

Odoetomia  gouldii  Carpenter. 

Odostomia  nuciformis  var.  avellana  Carpenter. 

Odostomia  tenuis  Carpenter. 

Olivella  biplicata  Sowerby. 

Olivella  intorta  Carpenter. 

Olivella  pedroana  Conrad. 

Pecten  latiauritus  var.  monotimerifl  Conrad. 

Saxidomus  aratus  Gould. 

Scala  crebricostata  Carpenter. 

Scala  tincta  Carpenter. 

Tapes  tenerrima  Carpenter. 

Terebra  simplex  Carpenter. 

Tomatina  culcitella  Gould. 

Tornatina  harpa  Dall. 

Turritella  cooperi  Carpenter  (PI.  XLI,  fig.  14). 

Turbonilla  laminata  Carpenter. 

Turbonilla,  four  sp.  (?). 

Yoldia  cooperi  Gabb. 

PLEISTOCENE  DEPOSITS. 

DEPOSITS    IN  THE    VICINITY   OF  SAUGUS. 

The  low  hills  that  border  the  broad,  open  valley  of  Santa  Clara 
River  in  the  vicinity  of  Saugus  are  covered  by  a  prominent  body  of 
gravel,  sand,  and  arenaceous  clay,  the  gravel  largely  predominating. 
The  coarser  material  is  mostly  composed  of  granite,  derived,  prob- 
ably, from  the  San  Gabriel  Range.  Traces  of  other  rocks,  however, 
are  included  with  the  granite,  and  the  whole  is  loosely  cemented 
together.  The  beds  have  a  general  dip  of  2°  to  10°  toward  the  center 
of  the  valley.  The  thickness  of  the  terrane  is  undetermined.  Above 
the  level  of  the  valley  perhaps  300  or  400  feet  are  exposed,  but  below 
the  valley  the  extent  of  the  formation  is  not  known.  These  beds 
are  probably  of  fresh- water  origin  and,  though  they  have  yielded  no 
fossils  whatever,  their  unconformable  position  on  the  Fernando  sug- 
gests late  Pleistocene  as  the  time  of  their  deposition. 

DEPOSIT    AT   MOUTH    OF    SESPE    CANYON. 

.  At  one  point  overlooking  Sespe  Creek  there  is  a  cut  bluff  showing 
bright-red  sediments  of  apparently  the  same  materials  as  those  just 
described.  The  deposit  was  not  examined  in  detail.  It  may  prove 
to  be  a  remnant  of  the  Sespe  formation  or  a  portion  of  the  Pleistocene 
that  is  composed  of  red  material  derived  from  the  Sespe. 

CONGLOMERATE  OF  LION  CANYON. 

In  the  vicinity  of  the  Lion  Canyon  wells  is  a  conglomerate  that  has 
not  hitherto  been  recognized  at  any  point  in  the  Ojai  Valley,  nor, 
indeed,  elsewhere  in  the  ranges  that  border  the  Santa  Clara.     Its 
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leading  feature  is  the  contained  bowlders  of  sandstone,  differing  but 
slightly  in  composition  from  the  matrix  or  body  of  the  rock  itself. 
It  appears  only  in  the  limited  area  between  the  Sespe  and  Mpdelo 
formations.  A  somewhat  similar  occurrence  is  found  at  the  east  end 
of  the  Upper  Ojai  Valley,  where  Sisar  Creek  leads  out  from  it.  The 
stratigraphic  relations  of  this  rock  are  uncertain,  but  its  composition 
suggests  that  it  may  be  the  remnant  of  a  Recent  formation  of  bowlder 
sand  which  here  and  there  skirts  the  Upper  Ojai  Valley,  forming 
along  its  northern  side,  locally,  extensive  benches.  In  the  region  of 
the  Lion  Canyon  wells  the  rock  is  impregnated  with  bitumen,  and 
seepages  spring  from  it.  It  is  penetrated  by  the  wells,  but  it  is 
believed  that  they  derive  their  oil  from  the  underlying  formation. 

GENERA!^  STRUCTURE  OF  DISTRICT. 

INTRODUCTORY  STATEMENT. 

It  has  been  deemed  expedient  to  divide  the  discussion  of  the  struc- 
ture of  the  region  bordering  the  Santa  Clara  Valley  into  two  sections. 
The  first,  embracing  a  brief  exposition  of  the  more  important  fea- 
tures, is  included  in  the  pages  immediately  following.  The  second, 
dealing  with  those  details  so  essential  for  purposes  of  practical  appli- 
cation, is  subdivided,  each  portion  being  included  in  the  description 
of  the  territory  to  which  it  refers.  It  may  be  well  to  call  the  reader's 
attention  to  the  general  sections  on  Pis.  Ill  and  TV.  These  sec- 
tions, together  with  the  structural  features  depicted  on  the  map  (PI.  I, 
pocket),  will  doubtless  more  vividly  portray  the  writer's  interpre- 
tation of  the  structure  than  many  chapters  of  descriptive  text. 

SANTA  CLARA  VALLEY. 

The  structure  of  the  rocks  underlying  the  Santa  Clara  Valley  is  per- 
plexing. For  several  miles  below  Saugus  the  great  body  of  younger 
conglomerate,  sandstone,  and  clay  of  the  Fernando  formation  passes 
diagonally  across  the  bottom  lands  into  the  hills  on  either  side,  main- 
taining a  strike  of  N.  50°-60^  W.  and  a  dip  of  25^-50°  NE.  Within 
this  area  there  is  no  apparent  break  in  the  regularity  of  the  strati- 
graphic  succession.  From  the  mouth  of  Salt  Creek  westward,  how- 
ever, the  hill  formations  become  more  and  more  folded,  or  even 
faulted,  while  the  continuity  of  structure  between  the  two  sides  of  the 
valley  is  interrupted  by  a  broad  belt  of  river  gravel.  Lithologic  simi- 
larity of  both  Miocene  and  Pliocene  sediments  at  the  several  horizons 
adds  still  further  to  the  difficulties  attending  a  correct  interpretation 
of  the  geologic  conditions.  The  great  mass  of  evidence  suggests  an 
enormous  fault  along  the  valley  in  the  region  north  of  South  Mountain, 
the  displacement  dying  out  as  it  passes  up  the  river.  Final  interpre- 
tation of  the  valley  structure  has,  however,  been  reserved  for  a  time 
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when  the  general  geology  of  the  region  shall  be  the  primary  object  of 
investigation.  The  strip  of  enigmatical  territory  occupied  by  the 
valley  therefore  forms  an  obviously  ideal  line  of  division  between  the 
two  more  or  less  structurally  distinct  areas  north  and  south  of  it,  and 
advantage  will  be  taken  of  this  fact  to  discuss  each  of  these  areas  sepa- 
rately. 

REGION  NORTH  OF  THE  SANTA  CLARA. 

Of  the  great  mountain  system  north  of  the  Santa  Clara  Valley  the 
southern  member,  the  Topatopa  Range,  is  alone  involved  in  the 
geology  of  the  developed  oil  fields.  This  range  is  30  or  40  miles  long; 
its  trend  is  east  and  west;  its  structure  is  anticlinal,  the  axis  passing 
a  few  miles  north  of  the  area  mapped  in  Pis.  I  and  V. 

In  the  region  of  Sespe  Creek  the  axis  of  the  anticline  lies  beneath  the 
crest  of  the  range  and  is  occupied  by  characteristic  quartzites  and 
slates  to  which  has  been  assigned  the  name  Topatopa  formation.  The 
anticline  is  synmietrical  and  is  well  displayed  in  the  canyon  walls. 
About  the  Topatopa  formation  bend  in  succession  the  Sespe,  Vaque- 
ros,  Modelo,  and  Fernando  beds,  all  strongly  developed  and  forming 
conspicuous  features  of  the  landscape.  Toward  the  east  the  point  of 
the  anticline  broadens,  the  Modelo  sandstone  outcropping  in  a  wide 
sweep  about  the  axis  and  the  youngest  beds  covering  a  still  greater 
area  in  their  arch.  The  west  end  of  this  great  anticline  has  not  been 
located,  the  consideration  of  its  east  end  being  sufficient  for  the  pur- 
poses of  the  present  report. 

The  northern  side  of  the  anticline  is  unexplored,  and  whether  the 
prominent  ridge  of  granite  lying  to  the  north  is  produced  by  faulting 
or  is  a  part  of  a  separate  dynamic  system  is  unknown. 

The  southern  limb  of  the  anticline  presents  an  intricate  succession 
of  secondary  folds  and  accompanying  faults  that  extend  from  Ventura 
River  and  the  Ojai  Valley  beyond  Piru  Creek.  East  of  Santa  Paula 
Creek  the  strata  are  strongly  bowed  to  the  south.  At  Sespe  Creek  the 
curvature  is  as  pronounced  in  the  opposite  direction.  Inmiediately 
west  of  Hopper  Canyon  the  convex  side  of  the  bend  is  again  to  the 
south,  while  east  of  Piru  Creek  regularity  of  trend  is  once  more  ap- 
proximately resumed.  North  and  east  of  the  Ojai  Valley  the  south 
limb  of  the  Topatopa  anticline  is  overturned. 

An  examination  of  the  map  makes  it  obvious  that  faults  are  the 
dominant  structural  feature  in  the  Ojai  Valley,  at  the  west  end  of  the 
territory  under  discussion.  No  less  than  five  fractures  cross  the 
region  from  east  to  west,  divergent  in  trend  from  N.  60°  W.  at  the 
north  to  S.  75°  W.  at  the  south.  The  result  has  been  a  succession  of 
interfault  blocks  more  or  less  limited  in  size,  with  considerable  varia- 
tion in  the  strata  opposed.  The  faults  originated  nearly  at  a  coramon 
center  in  the  great  fracture  passing  in  front  of  San  Cayetano  Moun- 
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tain.  The  northernmost  fault  lies  between  the  rusty  Vaqueros  beds 
and  the  Modelo  shale.  South  of  this  is  the  second  fracture  of  the 
system,  the  block  between  them  being  composed  of  Modelo  shale. 
Between  the  second  and  third  faults,  the  latter  passing  inmiediately 
north  of  Lion  Ridge,  is  a  narrow  block  of  rusty  beds  of  the  Vaque- 
ros type.  South  of  this  is  a  comparatively  broad  zone  of  the  Sespe 
formation,  which  in  turn  is  separated  from  the  Modelo  shale,  consti- 
tuting Sulphur  Mountain,  by  one  of  the  most  extensive  faults  of  the 
region.  South  of  Sulphur  Mountain  there  is  a  fifth  fault,  marked  by 
a  line  of  seepages  and  oil  wells.  The  evidence  of  faulting,  however, 
must  not  be  confused  with  the  unconformity  which  exists  between 
the  Modelo  and  the  Fernando.  The  shale  of  Sulphur  Mountain  is 
considerably  crumpled,  at  least  two  marked  anticlines  (one  of  which 
is  locally  overturned)  and  the  intervening  syncline  being  present 
through  nearly  its  whole  length.  The  conglomerate,  sand,  and  shale 
of  the  Fernando  formation,  south  of  their  contact  with  the  Modelo 
shale  of  Sulphur  Mountain,  maintain  a  southerly  dip  with  marked 
persistency,  at  most  varied  only  by  minor  and  localized  flexures. 

The  structural  features  west  of  Santa  Paula  Creek  continue  to  the 
east  for  4  or  5  miles,  in  front  of  Santa  Paula  Ridge  and  San  Cayetano 
Mountain,  but  the  faults  terminate  one  by  one  or  coalesce,  until  at  the 
easterly  apex  of  the  region  the  disappearance  of  interfault  blocks  has 
brought  the  late  Tertiaries  into  contact  with  the  much  earlier  Topa- 
topa  formation,  the  great  San  Cayetano  fault  alone  separating  them. 

In  the  Sesj>e  district  it  is  to  be  observed  that  the  formations  enter 
the  Camulos  quadrangle  at  its  northerh  border  from  their  passage 
aroimd  the  east  end  of  the  axis  of  the  Topatopa  anticline,  which  lies 
between  1  and  2  miles  to  che  north.  Within  the  quadrangle  crump- 
ling begins  near  its  northern  border — at  first  gentle,  then  severe.  The 
major  features  resulting  from  this  movement  are  the  Coldwater  anti- 
cline, southeast  of  the  broad  table  of  red  beds,  and  still  farther  south 
the  syncline,  whose  eastern  extension  passes  through  the  summit  of 
Oat  Mountain.  South  of  the  western  part  of  this  syncline  is  the  great 
northward-dipping  monocline  of  Topatopa  beds  on  the  north  flank  of 
Mount  San  Cayetano.  Near  the  mouth  of  Sespe  Canyon  the  beds  are 
greatly  disturbed  by  the  close  approach  of  the  San  Cayetano  fault  and 
the  syncline  just  mentioned. 

In  the  region  east  of  Sespe  Creek  the  more  important  of  the  subor- 
dinate or  secondary  folds  include  a  partially  overturned  anticline 
southwest  of  Hopper  Mountain;  the  Oat  Mountain  syncline,  already 
referred  to;  an  anticline  that  crosses  lower  Pole  Canyon  at  its  sharp 
turn  from  south  to  west,  and  another  anticline  a  mile  farther  south. 
Each  of  these  folds  is  a  conspicuous  feature  of  the  geology  from  one  or 
another  point  of  view,  but  the  syncline  is  perhaps  the  most  marked, 
involving,  as  it  does,  the  strata  from  the  upper  Modelo  shale  to  the  red 
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beds  of  the  Sespe.     In  addition  to  these,  there  are  numerous  local 
folds  and  one  or  two  faults,  each  of  which  is  of  almost  equal  import 
ance  to  the  features  first  mentioned. 

Both  Hop|>er  and  Piru  canyons,  in  the  lower  10  miles,  have  been 
developed  across  the  structure  at  points  where  the  strata  are  exten- 
sively puckered,  each  canyon  lying  a  little  east  of  the  axis  of  a  sharp 
strike  flexure.  The  western  of  the  two  axes  presents  a  change  in 
trend  from  N.  65°--70°  W.  to  N.  50°-70°  E.  The  easterly  axis  shows  a 
reverse  change  from  N.  60°  E.  through  east-west  to  N.  80°  W.  Locally 
slight  departures  from  the  general  trend  are  to  be  found.  For 
instance,  the  Modelo  anticline  and  the  s3mcUne  immediately  to  its 
south  have  a  direction  approximately  east  and  west,  and  a  number  of 
minor  folds  between  1  mile  and  2  miles  in  length,  particularly  con- 
spicuous on  the  east  side  of  Hopper  Canyon,  he  diagonally  to  the  gen- 
eral trend  of  the  larger  flexures.  Between  the  individual  folds  of  the 
several  trends  direct  continuity  has  not  been  established,  but  there  is 
a  suggestion  of  this  in  several  instances,  notably  in  the  Oat  Mountain 
syncline,  which  apparently  can  be  traced  from  Sespe  Creek  nearly  to 
the  Modelo  district,  and  again  in  the  Lyons  anticline,  which  almost 
certainly  passes  directly  from  the  Piru  Valley  to  Hopper  Canyon.  In 
any  event,  the  folds  are  unquestionably  the  associated  crumples  of 
a  single  affected  zone  that  passes  continuously,  though  with  wavy 
trend,  from  the  region  of  Mount  San  Cayetano  to  that  of  Piru  Creek. 

PI.  Ill,  sec.  X-Z', illustrates  the  general  occurrence  of  petroleum  in 
the  moimtains  north  of  the  Santa  Clara  Valley.  The  section  without 
being  continuous  nevertheless  represents  in  nearly  their  true  succes- 
sion the  formations  that  occupy  this  great  area  and  jx)rtrays  the 
structural  features  that  prevail  in  most  of  the  productive  oil  territories. 
The  line  of  the  section  is  laid  down  on  the  map  (PI.  I).^  Besides  being 
somewhat  irregular  it  presents  two  important  offsets  that  were  nec- 
essary to  the  generalization  of  the  conditions.  One  of  these  offsets 
(x'-y)  occurs  at  Little  Sespe  Creek  and  is  a  mile  in  length;  the  other 
(y'-z)  embraces  the  interval  between  Brush  Mountain  and  Piru  Peak, 
a  distance  of  5  miles.  In  both  intervals,  however,  the  break  in  the 
stratigraphic  succession  is  reduced  to  a  minimum. 

The  formations  involved  include  the  Topatopa formation;  the  Sespe 
formation,  with  its  three  divisions — base,  middle,  and  top;  the  Vaque- 
ros  formation,  with  its  several  bands  of  varicolored  clays;  the 
Modelo  sandstones  and  their  accompanying  shales,  a  portion  of  which 
at  least  may  correspond  to  the  Monterey,  and  the  Fernando  forma- 
tion, which  probably  extends  from  the  Miocene  through  the  Pliocene 
and  well  up  into  the  Pleistocene.  Their  distribution  over  the  line  of 
the  section  may  be  gathered  from  the  illustration.  There  are,  how- 
ever, certain  features  which  it  may  be  well  to  consider  somewhat  at 
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length,  for  the  reason  that  they  have  a  bearing  on  the  occurrence  of 
petroleum. 

The  Topatopa  anticline,  shown  at  the  left  of  the  section,  involves 
rocks  of  the  Topatopa  formation,  which  are  proved  to  be  more  or  less 
petroliferous  by  the  seepages  that  occur  on  their  outcrops  and  by  the 
actual  dissemination  of  bituminous  matter  through  certain  of  the 
beds.  There  are,  however,  no  wells  that  penetrate  the  formation,  and 
its  po»bilities  are  as  yet  unknown.  At  the  base  of  the  Sespe  forma- 
tion there  is  a  layer  of  white  sandstone  which,  in  the  gorge  of  Sespe 
Creek,  has  been  found  to  yield  an  excellent  supply  of  low-gravity 
petroleum.  The  well  of  the  Union  Consolidated  Oil  Company  pene- 
trates the  strata  in  this  vicinity  to  a  depth  of  approximately  500  or  600 
feet.  The  position  of  this  well,  'on  the  regular  slope  of  the  main  Topa- 
topa anticline,  is  of  especial  importance  from  the  clew  it  may  aflFord  as 
to  the  occurrence  of  oil  at  this  horizon  under  like  conditions  in  other 
locaUties. 

A  second  feature  of  importance  is  the  Coldwater  anticline.  The 
strata  on  the  northern  face  of  this  arch  are  productive,  the  oil  being 
derived  from  about  the  same  horizon  as  that  of  the  well  just  men- 
tioned, 2  J  miles  to  the  northwest.  The  longitudinal  extent  of  this 
fmticline  in  an  easterly  direction  was  not  determined  by  the  writer, 
but  in  Boulder  Creek,  a  little  more  than  a  mile  to  the  east,  a  some- 
what similar  fold  appears  nearly  in  the  line  of  the  Coldwater  flexure. 
It  may  be,  however,  but  an  oflFset  of  the  latter  or  a  mere  crumple  on  its 
flanks.  It  is  indicated  in  the  section  and  is  the  locus  of  the  Ivers 
wells.  Although  conspicuous  in  the  field,  when  plotted  it  is  of  com- 
parative insignificance.  The  oil  foimd  at  this  point  may  have  no  rela- 
tion to  the  minor  fold,  but,  on  the  other  hand,  the  fractures  resulting 
from  such  a  fold  may  have  aflForded  a  special  opportunity  for  the  accu- 
mulation of  the  petroleum. 

One  of  the  few  occurrences  of  oil  observed  in  CaUfomia  near  the 
axis  of  a  syncline  is  that  seen  at  the  Kentuck  wells,  which  are 
located  in  a  hollow  of  the  Sespe  red  beds  half  a  mile  north  of  Little 
Ses|>e  Canyon.  The  most  plausible  explanation  of  this  exceptional 
occurrence  is  that  it  is  due  to  the  effects  of  the  Coldwater  anticline,  or 
possibly  even  of  the  greater  Topatopa  anticline,  the  negative  effects 
of  the  local  syncline  being  insufficient  to  overcome  the  influence  of  the 
greater  folds. 

A  short  distance  soyth  of  this  depression  the  red  sandstone  of  the 
Sespe  formation  dips  steeply  near  the  point  where  the  axes  of  the  folds 
exhibit  a  general  change  in  strike  from  northeast  to  southeast.  The 
locality  is  one  of  marked  crushing  and  its  structure  is  most  difficult  to 
decipher.  The  offset  of  a  mile  in  the  section  was  made  here,  the 
strata  being  again  taken  up  in  regular  succession  in  the  vicinity  of  the 
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Foot-of-the-Hill  wells.  From  this  locality  to  the  top  of  Brush  Moun- 
tain the  series  of  rocks  from  the  upper  members  of  the  red  sandstones 
of  the  Sespe  through  the  rusty  beds  at  their  summit  and  the  great 
mass  of  shale  that  makes  up  the  Vaqueros  formation  is  imbroken. 
Three  oil-bearing  horizons  have  been  found  within  this  range — one 
either  at  the  summit  of  the  red  beds  or  the  base  of  the  rusty  member 
of  the  Sespe;  another  perhaps  in  the  purple  clay  of  the  Vaqueros 
fonnation,  and  a  third  in  the  upper,  earthy,  and  siliceous  j>ortion  of 
the  Vaqueros,  not  far  below  the  Modelo  sandstone.  The  wells  are  to 
be  regarded  as  located  on  the  slope  of  the  general  Topatopa  anticline, 
for  a  careful  examination  of  the  locality  reveals  only  minor  and  very 
insignificant  crumples  in  the  general  sweep  of  the  beds  in  an  easterly, 
northeasterly,  and  northerly  curve  about  the  axis  of  the  main  fold. 

Brush  Mountain  :s  capped  by  the  lower  Modelo  sandstone  and  a 
thin  band  of  the  overlying  siliceous  shale.  The  second  offset  in  the 
general  section  occurs  at  this  point.  On  Piru  Peak  very  nearly  the 
same  formations  are  encountered,  the  only  difference  being  a  some- 
what greater  amount  of  the  siliceous  shale  at  the  top  of  the  series. 
The  lower  Modelo  sandstone  outcrops  immediately  beneath  the  shale 
and  at  the  head  of  Modelo  Canyon  is  affected  by  the  Modelo  anticline, 
which  is  one  of  the  most  conspicuous  and  perfect  folds  of  this  charac- 
ter to  be  found  anywhere  in  the  region  under  discussion.  The  sand- 
stone here,  however,  appears  to  be  at  least  several  hundred  feet  thick — 
thicker,  indeed,  than  on  Brush  Mountain,  and  yet  by  no  means  so 
extensively  developed  as  about  the  head  of  Hopper  Canyon,  farther 
north.  The  succession  of  strata  on  the  two  sides  of  the  anticline 
varies  somewhat,  but  this  is  perhaps  due  to  crumpling  and  faulting. 
The  presence  of  a  fault  is  indicated  by  the  abnormal  succession  of  beds 
encountered  in  crossing  the  outcrop  of  the  formation.  It  is  probable 
that  at  the  line  of  this  section  the  opposing  beds  for  some  distance 
from  the  surface  belong  to  the  shale  between  the  upper  and  lower 
Modelo  sandstones,  but  the  exact  amoimt  of  throw  is  indeterminable, 
first,  because  of  the  uniformity  of  the  shale  in  appearance;  second, 
because  of  the  rapid  variation  in  the  thickness  of  the  strata,  and  third, 
because  of  the  crushing  that  has  taken  place  adjacent  to  the  fracture. 

The  Modelo  anticline  is  one  of  the  most  productive  folds  north  of  the 
Santa  Clara  Valley.  About  midway  of  the  folds  are  the  wells  of  the 
Modelo  Oil  Company,  attaining  a  maximum  depth  of  about  1,800  feet, 
with  oil  at  1,400  or  1,500  feet  and  indications  of  oil  at  still  greater 
depths  below  the  surface.  The  w^ells  are  wholly  in  the  Modelo  sand- 
stone, which  in  places  is  so  free  from  shale  and  so  solid  as  to  stand 
without  casing.  The  wells  are  drilled  in  strata  that  dip  60*^  or  more 
on  both  sides  of  the  anticline,  at  distances  varying  from  less  than  100 
feet  to  600  or  700  feet  on  each  side  of  the  axis.  The  wells  of  the  Sun- 
set Oil  Company  in  Hopper  Canyon,  li  miles  to  the  west,  are  also  on 
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this  fold.  They  have  produced  some  oil,  but  have  not  been  operated 
with  the  same  care  as  the  wells  of  the  Modelo  Oil  Company,  and  as  a 
consequence  much  water  occurs  with  the  oil. 

The  Nigger  anticline  lies  a  mile  and  a  quarter  south  of  the  Modelo 
fold,  being  separated  from  it  by  a  syncline  and  the  fault  already 
described.  The  strata  involved  are  the  upper  Modelo  sandstone  and 
the  shales  above  and  below.  The  productive  wells  on  this  anticline 
are  in  the  easteriy  tributary  of  Nigger  Canyon,  a  Uttle  south  of  the  axis 
of  the  fold.  They  are  500  or  600  feet  deep,  the  oil  having  bsen  encoun- 
tered at  depths  of  65  to  400  feet. 

Half  a  mile  south  of  the  Nigger  anticline  is  a  sharp  change  in  the 
rocks  which  represents  the  contact  between  the  Modelo  and  the  Fer- 
nando formations.  The  younger  beds  have  a  northerly  dip,  which 
represents  either  an  overturn  at  the  plane  of  unconformity  or  a  fault — 
perhaps  both.  That  an  unconformity  exists  between  the  Fernando 
formation  and  the  underlying  beds  is  beyond  doubt,  and  many  strata 
are  brought  successively  into  contact  on  either  side  of  the  plane.  From 
the  point  of  the  ridge  separating  Nigger  Canyon  from  Piru  Creek  east- 
ward for  several  miles  beyond  this  stream  there  is  a  marked  line  of 
disturbance.  A  synclinal  structure  has  been  suspected,  but  careful 
examination  indicates  that  this  supposition  may  have  been  induced 
by  the  deceptive  relations  of  the  dips;  in  reality  there  is  probably  an 
anticline,  with  a  very  steeply  inclined  southern  limb,  which  west  of 
Piru  Creek  has  possibly  been  the  locus  of  a  fault.  At  this  point  in  the 
section,  therefore,  there  may  be  a  fault  in  proximity  to  a  line  of  imcon- 
formity,  much  after  the  order  of  the  unconformity  and  fault  passing 
along  the  southern  border  of  the  Puente  Hills  from  the  region  of  the 
Santa  Fe  wells  westward  to  Whittier.  (See  p.  111.)  Doubtless  the 
dip  of  the  Fernando  strata  changes  from  northerly  to  southerly 
beneath  the  valley  of  the  Santa  Clara,  but  exposures  along  the  bottom 
lands  are  wanting,  and  the  relation  of  the  formations  north  of  the 
river  to  those  south  of  it  can  only  be  conjectured. 

REGION  SOUTH  OF  THE  SANTA  CLARA. 

The  moimtains  bordering  the  Santa  Clara  Valley  on  the  south 
represent  the  west  end  of  one  of  the  most  important  uplifts  of  southern 
California.  The  center  of  uplift,  the  San  Gabriel  Range,  consists  of 
granites  and  related  rocks.  Encircling  these  on  the  west  are  sedi- 
mentary beds  of  Tertiary  age,  which  constitute,  in  the  order  named 
from  east  to  west,  the  lower  elevations  of  the  Santa  Susana  Moun- 
tains, Oak  Ridge,  and  South  Mountain.  The  structure  of  this  sys- 
tem of  ridges  is  anticlinal  and  notwithstanding  a  degree  of  continuity 
between  the  formations  north  and  south  of  the  upper  portion  of  the 
Santa  Clara  Valley  the  moimtains  south  of  the  river  preserve,  on  the 
whole,  remarkable  independence  of  structure.     In  the  western  half  of 
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the  system  the  structure  is  comparatively  simple,  consisting  of  a 
main  anticlinal  fold  aflFected  by  a  few  subordinate  wrinkles.    In  the 
eastern  portion,  however,  although  the  eflFect  of  the  uplift  has  been 
the  production  of  a  single  range  crest,  there  are,  nevertheless,  three 
distinct  folds  of  a  more  or  less  secondary  nature,  arranged  en  ^chdoii 
and  slightly  diagonal  in  trend  to  the  course  assumed  by  the  general 
ridge  system.     These  folds  may  be  designated  the  Torrey,  Tape,  and 
Pico.     A  fourth,  en  ^helon  with  the  others  and  known  as  the  Els- 
mere,  is  in  reality  the  western   terminus  of   the  San  Grabriel  uplift 
itself.     Although  secondary  to  the  dominant  structure  these  folds 
are  well  developed  and  are  of  especial  importance  in  that  they  have 
become  the  loci  of  several  very  productive  oil  fields.     There  are 
numerous  minor  crumples  and,  along  the  southeastern  crest  of  Oak 
Ridge  and  the  southwestern  face  of  the  Santa  Susana  Moimtains,  at 
least  one  fault  of  considerable  throw. 

OIL  FlEIiDS  NORTH  OF  THK  SANTA  CIjARA. 

The  oil  fields  north  of  Santa  Clara  River  involve  an  area  having  an 
east-west  length  of  35  miles  and  a  width  of  7  to  15  miles.  For  con- 
venience of  discussion,  this  area  may  be  divided  into  the  Ojai  Valley, 
Sulphur  Mountain,  SD  v^er  Thread  or  Sisar  Creek,  Santa  Paula  Ridge, 
Sespe,  Pole  Canyon,  and  Hopper-Piru  fields.     (See  PI.  V.) 

OJAI  VALLEY  FIELDS. 
LOCATION. 

The  Ojai  Valley  fields  comprise  the  region  of  the  upper  and  lower 
valleys,  lying  between  the  Topatopa  Range  on  the  north  and  Sul- 
phur Mountain  on  the  south.  Nordhoff,  the  only  town  within  the 
district,  lies  about  15  miles  north  of  Ventura,  with  which  it  is  con- 
nected by  a  spur  track  of  the  Southern  Pacific  Company,  and  12 
miles  northwest  of  Santa  Paula. 

STRUCTURE. 

PI.  Ill,  sec.  A-A'  indicates  in  a  very  general  manner  the  structural 
relations  of  the  several  formations  exposed  in  this  valley.  The 
series  of  beds  north  of  the  Lower  Ojai  Valley  is  a  part  of  the  great 
overturned  south  fiank  of  the  anticUne  developed  in  the  Topatopa 
Range.  The  overturning  was  accompanied  by  faulting.  The  delin- 
eation of  the  faults  on  the  map  (PL  I)  is  highly  generalized  from  the 
evidence  afforded  by  soil  coloring  and  isolated  outcrops.  They  will 
be  described  in  the  order  of  their  occurrence  from  north  to  south. 

The  succession  of  beds  from  the  base  of  the  Topatopa  Range,  or 
across  Lower  Ojai  Valley,  is  perhaps  without  break.  K  so,  there  is  an 
upper  and  a  lower  series  of  rusty  beds  separated  by  a  broad  belt, 
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between  1,000  and  2,000  feet  thick,  of  red  and  white  sandstones  which 
seem  to  belong  to  the  Sespe  formation.  Between  the  southerly  belt 
of  rusty  beds,  which  are  regarded  as  Vaqueros,  and  the  Modelo  shale, 
which  constitutes  Thompson  Ridge,  there  is  unquestionably  a  fault 
the  throw  of  which  can  hardly  be  less  than  2,000  feet.  The  Thompson 
Ridge  fracture  is  more  directly  in  line  with  the  San  Cayetano  fault  to 
the  east  than  any  of  its  associates  and  it  may  be  responsible  for  the 
existence  of  both  the  Upper  and  Lower  Ojai  valleys.  To  the  east  it 
passes  immediately  south  of  the  wells  of  the  Bard  and  adjacent  oil 
companies.  Between  the  Lower  Ojai  Valley  and  Santa  Paula  Canyon 
the  thickness  of  the  red  beds  is  greatly  reduced,  and  to  the  south  the 
rusty  beds  may  almost  entirely  disappear,  for  in  the  Silver  Thread  dis- 
trict the  outcrop  of  these  two  strata  is  less  than  300  feet  thick.  From 
the  trend  of  the  formations  north  of  the  Lower  Ojai  and  from  litho- 
logic  similarities,  it  is  inferred  that  the  great  development  of  rusty 
b^is  north  of  the  Bard  and  Capital  Crude  wells  is  continuous  with 
those  of  the  Topatopa  formation  in  the  lower  slopes  of  the  Topatopa 
Range  to  the  west.  At  this  point  these  beds  have  furnished  a  fair 
collection  of  fossils,  which  are  regarded  as  Eocene.  In  this  connection 
it  is  worthy  of  notice  that  at  the  head  of  the  Lower  Ojai  Valley  the 
rusty  beds  south  of  the  red  beds  carry  fossils  that  were,  with  equal 
certainty,  determined  as  lower  Miocene. 

The  Modelo  shale,  forming  Thompson  Ridge,  is  severely  crumpled 
and  is  probably  an  included  fragment  of  siliceous  shale.  It  disap- 
pears beneath  the  wash  of  the  Lower  Ojai  Valley  and  has  every  evi- 
dence of  wedging  out  a  little  west  of  the  Silver  Thread  district. 

South  of  this  interfault  block  of  Modelo  there  is  a  narrow  band  of 
rusty  beds,  which'  also  wedge  out  to  the  east.  These  beds  have  every 
appearance  of  the  Vaqueros  formation  and  carry  the  same  fossils  as 
those  north  of  the  Modelo  block.  They  border  Thompson  Ridge  on 
the  south  and  pass  at  once  into  the  I^ower  Ojai  Valley,  where  they 
disappear  beneath  the  later  wash.  This  block  of  rusty  beds  presents 
a  variety  of  dips  and  strikes,  and  it  is  thought,  therefore,  to  be  sim- 
ply an  inclined  fragment  between  the  great  faults  of  the  region.  The 
fracture  separating  it  from  the  red  beds  bordering  it  on  the  south  is 
recognized  as  passing  the  valley  road  at  the  head  of  the  gorge  between 
the  Lower  and  Upper  Ojai  basms  to  the  west,  following  the  line  of  a 
short  gulch  to  its  junction  with  the  general  valley.  It  is  probable 
that  in  this  direction  it  has  been  the  northern  determinant  of  Lion 
Ridge.  To  the  east  the  fault  seems  to  pass  in  a  direction  about  S. 
80"^  E.,  merging  finally  with  one  or  another  of  the  greater  fractures 
of  the  system. 

It  18  interesting,  also,  to  note  the  occurrence  of  a  narrow  strip  of 
Tusty  beds  included  in  the  Modelo  shale  in  the  easterly  portion  of  the 
crest  of  Thompson  Ridge. 
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The  red  beds  of  the  Sespe  formation  again  become  prominent  in 
Lion  Hill,  which  lies  between  the  Lower  Ojai  and  Lion  Canyon  to  the 
south.  This  ridge  is  an  anticline,  the  trend  of  its  axis  curving  slightly 
from  N.  SI""  W.  at  the  west  end  to  N.  70*"  E.  at  the  east.  The  crown 
of  the  arch  is  but  gently  bowed.  The  flanks,  however,  show  steeply 
inclined  strata.  Locally,  a  slight  synclinal  flexure  appears.  To  the 
north  the  red  beds  pass  beneath  the  wash  of  the  Lower  Ojai  Valley; 
to  the  south  they  are  succeeded  by  the  Modelo  shale  of  Sulphur  Moun- 
tain, the  line  of  division  being  practically  coincident  with  the  stream 
channel  in  Lion  Canyon. 

The  Sespe  formation  of  Lion  Hill  is  doubtless  another  int^rfault 
block,  more  than  ordinarily  prominent,  in  the  series  that  occupies  the 
Ojai  Valley.  The  apex  of  this  block  probably  terminates  within  a 
mile  of  the  Silver  Thread  district,  the  small  body  of  red  beds  appear- 
ing in  the  latter  region  belonging  to  the  greater  mass  of  similar  beds 
lying  on  the  north  side  of  the  Ojai  Valley.  The  Sespe  formation  in  the 
block  under  discussion  widens  and  becomes  an  important  formation 
in  the  western  portion  of  tlie  Lower  Ojai  west  of  San  Antonio  Creek 
and  Ventura  River.  On  the  north  the  red  beds  are  in  contact  \vitli 
the  rusty  beds  in  the  minor  interfault  block  already  described,  and, 
to  the  east  of  this  block,  with  the  projecting  portion  of  the  included 
fragment  of  the  Modelo  formation.  On  the  south  they  are  in  contact 
with  the  Modelo  shale  throughout  its  whole  length  to  San  Antonio 
Creek.  The  minor  interfault  block  of  the  Modelo  in  Thompson  Ridge 
being  disregarded,  this  Sespe  block  would  appear  to  have  been  pushed 
up  with  reference  to  the  formations  north  and  south  of  it,  particu- 
larly those  on  the  north. 

Along  Lion  Canyon  and  the  south  edge  of  the  Upper  Ojai  Valley 
is  another  of  the  greater  faults  of  the  district.  Like  the  others, 
however,  it  terminates  near  the  common  center  in  the  vicinity  of 
Santa  Paula  Canyon.  Farther  west  it  is  probably  of  considerable 
extent,  having  been  recognized,  it  is  thought,  at  the  canyon  of  Ven- 
tura River  several  miles  below  Nordhoff.  In  any  event  there  is  the 
same  succession  here  that  is  encountered  in  the  Ojai  Valley. 

Sulphur  Mountain  from  one  end  to  the  other  is  composed  of  the 
Modelo  shale,  the  strike  of  which  corresponds  with  the  trend  of  the 
ridge  about  N.  80°  E.  The  dip  is  generally  to  the  south.  There  are, 
however,  local  crumples  of  different  degrees  of  importance,  as,  for  in- 
stance, a  possible  anticline,  indicated  on  the  map  (PI.  I)  as  passing  along 
the  lower  slope  of  the  mountain,  and  a  second,  the  axis  of  which  passes 
a  little  south  of  the  well  of  the  Langdell,  Newmark  &  Roan  Oil  Com- 
pany, a  few  hundred  feet  below  the  summit.  Also,  it  is  possible  that 
faulting,  as  well  as  folding,  has  taken  place  within  the  confines  of  the 
mountain.  Such  folds  and  faults  may  be  accoimtable  for  the  lines 
of  petroleum  seepages  on  both  the  north  and  south  sides  of  the  ridge. 
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Sulphur  Mountain  itself  is  perhaps  an  interf ault  block,  a  possible  frac- 
ture existing  at  the  line  of  contact  of  the  Modelo  and  Fernando  for- 
mations south  of  the  ridge,  although  the  succession  maybe  merely  one 
of  imconformity.  The  writer  is  inclined,  however,  to  the  view  that 
a  fault  is  present.  The  linear  extent  of  the  folds  in  Sulphur  Moimtain 
has  not  been  determined.  The  east  end  of  Sulphur  Moimtain  presents 
a  syncline  at  its  crest,  an  anticline  at  its  northern  base  coincident  with 
the  lower  portion  of  Sisar  Creek,  and  another  anticline  south  of  the 
mountain  in  the  vicinity  of  the  Adams  Canyon  oil  wells. 

There  is  an  anticline  south  of  the  western  portion  of  Sulphur  Moun- 
tain showing  in  the  road  which  descends  from  the  summit  to  the  upper 
part  of  the  Caflada  Larga.  In  the  line  of  this  anticline  is  a  like  fold 
at  Ventura  River,  and  it  is  possible  that  the  two  are  continuous. 
Although  the  rocks  involved  in  this  fold  belong  mainly  to  the  Modelo 
formation,  gray  and  brown  argillaceous  shales  and  heavy  sandstone, 
probably  of  the  Fernando  formation,  lie  immediately  upon  its  south- 
em  flanks  and  locally  may  have  become  affected. 

OIL   WELLS. 

The  oil  wells  in  the  Ojai  fields  comprise  those  of  the  Union  Oil  Com- 
pany on  the  Pirie  ranch,  at  the  west  end  of  Lion  Hill ;  two  in  Lion  Can- 
yon, about  \\  miles  southeast  of  the  Pirie  wells;  a  couple  drilled  by 
Langdell,  Newmark  &  Roan  near  the  summit  on  the  north  slope  of 
Sulphur  Mountain,  and  a  group  along  the  northeastern  side  of  the 
Upper  Ojai,  sunk  by  the  Whidden-Double,  Sobra  Vista,  and  Santa 
Paula  oil  companies. 

PIRIE   RANCH    WELLS. 

Two  groups  of  wells  belonging  to  the  Union  Oil  Company  are  located 
on  the  Pirie  ranch  south  and  southeast  of  Nordhoff,  in  the  Lower  Ojai 
Valley.  The  first  group,  consisting  of  three  wells,  is  about  a  mile  S. 
25°  E.  of  the  town,  on  the  west  end  of  Lion  Hill;  the  second  group  lies 
across  a  small  valley,  about  three-fourths  of  a  mile  S.  70°  W.  of  the 
first.  All  the  wells  penetrate  the  red  beds  of  the  Sespe  formation, 
those  of  the  first  group  being  about  100  feet  south  of  the  axis  of  the 
Lion  Hill  anticline,  and  those  of  the  second  on  the  south  limb  of  the 
same  anticUne,  at  least  three-eighths  of  a  mile  south  of  its  axis.  At  the 
time  of  the  writer's  visit  the  wells  were  abandoned  and  only  one  der- 
rick was  standing.  It  was  learned,  however,  that  black  oil  accom- 
panied by  considerable  quantities  of  gas  was  struck  in  the  wells  of  the 
first  group,  and  that  for  a  time  they  were  pumped.  Gas  was  heard 
rumbling  in  one  of  the  holes  and  another  contained  water.  No  seep- 
ages were  noticed  in  the  locality  of  the  wells. 

Five  wells  constitute  the  second  group,  four  close  together  and  a 
fifth  about  one-fourth  mile  to  the  southwest.     The  deepest  of  the  four 


Digitized  by  VjOOQIC 


40  OIL   DISTRICTS   OF    SOUTHERN    CALIFORNIA. 

is  about  1,500  feet  deep.  A  little  oil  was  encountered  at  30  feet  and 
some  also  at  about  400  feet;  for  a  time  considerable  oil  and  water, 
mostly  the  latter,  were  pumped.  In  another  well  thick  oil  was  struck 
at  100  feet  and  a  lighter  oil  at  333  feet,  thus  indicating  at  least  two 
oil-bearing  strata  for  this  locality.  Much  water  was  foimd  in  the 
westernmost  well  and  it  was  abandoned  before  reaching  the  oil  sands. 

LION   CANYON   WKLL8. 

Two  wells,  now  abandoned,  were  sunk  in  Lion  Ganyon  about  2* 
miles  southeast  of  Nordhoflf.  They  are  situated  in  the  brown  shale  of 
the  Modelo  formation,  not  far  south  of  the  fault  separating  the  shale 
from  the  Sespe  red  beds  of  Lion  Hill.  The  wells  lie  in  line  \vith 
what  to  the  east  is  a  faulted  overturn,  but  which  here  may  be  only  a 
simple  anticUne.  Heavy  oil  stands  in  the  eastern  well  at  a  depth  of 
about  200  feet,  while  a  lighter  emulsion  of  oil  and  water  rises  to  about 
the  same  level  in  the  western  well.  Some  of  the  oil  which  had  been 
bailed  out  and  was  standing  in  a  barrel  had  a  gravity  of  about  16°  B. 
It  was  black  and  ran  quite  freely,  though  stringing  some. 

LANGDELL,    NEWMARK   A    ROAN    WELLS. 

The  two  abandoned  wells  of  this  company  are  located  on  the  north 
slope  of  Sulphur  Mountain,  only  a  short  distance  below  its  crest  and  just 
west  of  the  road  leading  up  from  the  Upper  Ojai  Valley.  The  holes 
are  sunk  a  little  north  of  the  anticlinal  axis,  which  passes  immediately 
north  of  the  summit  of  the  mountain,  and  penetrate  the  brown  and 
gray  shales  of  the  Modelo  formation.  The  higher  well  is  located  at  the 
upper  edge  of  a  prominent  oil  seepage ;  it  is  said  that  a  little  hght  oil  was 
struck  at  about  800  feet  and  that  the  well  was  abandoned  in  a  white 
clayey  shale  at  1,000  feet.  The  lower  well  was  sunk  right  in  the  seep- 
age, but  yielded  nothing.  The  natural  seepage  of  oil  at  the  wells  is 
claimed  to  be  about  a  barrel  a  day. 

WHIDDEN-DOUBLE   WELLS. 

The  five  wells  of  the  Whidden-Double  Oil  Company  are  located  in 
the  Modelo  shale  fault  block  on  the  northern  side  of  the  head  of  the 
Upper  O j  ai  Valley.  The  surface  outcrops  here  show  a  slight  northerly 
dip,  while  the  well  logs  indicate  a  much  steeper  dip  to  the  northeast  for 
the  oil  sand.  The  structural  relations  in  the  vicinity  are  somewhat 
complex,  but  it  seems  likely  that  the  wells  are  situated  on  the 
north  flank  of  an  anticline  more  or  less  complicated  by  minor  folds. 
It  is  reported  that  the  holes  vary  in  depth  from  132  to  about  950  feet 
and  that  they  yield  oil  of  S°  to  15°  gravity.  The  petroleum  is  black 
and  in  two  of  the  wells  is  associated  \^dth  more  or  less  water.  The 
deepest  well  is  said  to  penetrate  two  sands,  the  lower  of  the  two 
yielding  the  lighter  oil.     An  interesting  fact  is  that  No.  3,  one  of  the 
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shallower  wells,  although  having  a  greater  initial  production  than  No. 
5,  which  was  deeper,  did  not  hold  out  nearly  so  well.  The  yield  of  the 
wells  was  never  very  great  and  they  were  finally  abandoned  in  1904. 


SOBRA   VISTA   WELLS. 


The  Sobra  Vista  wells,  three  in  number,  are  located  at  the  head  of 
the  Upper  Ojai  Valley,  immediately  south  of  the  Whidden-Double 
property.  As  indicated  by  the  structure  in  the  immediate  vicinity, 
the  wells  are  probably  located  on  the  north  flank  of  the  local  anticline 
which  is  so  well  developed  in  the  region  of  the  Santa  Paula  group  of 
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Fig.  4. — Sketch  map  showing  location  of  wells  and  oil  seepages  in  the  northeast  corner  of  the  Upper 
Ojal  Valley.  Heavy  black  dots,  wells  abandoned  since  beginning  of  1902 ;  the  other  symbol,  wells 
abandoned  previous  to  1902. 

wells  immediately  to  the  west.  The  strata  penetrated  are  the  blue 
and  gray  shales  of  the  Modelo  formation,  here  containing  interbedded 
sands  from  which,  it  is  said,  the  wells  derive  their  oil.  In  fact,  the 
southernmost  well  of  the  group  is  located  precisely  on  the  line  of 
strike  of  the  sandstone  which  affords  the  heavy  oil  seepages  on  the 
Santa  Paula  property.  The  wells  range  in  depth  from  about  375  to 
740  feet  and  obtain  their  oil  from  two  sands  about  240  feet  apart,  the 
upper  varying  from  10  to  11  feet  and  the  lower  from  4  to  11  feet  in 
thickness.  It  is  said  that  an  11-foot  stratum  of  black  water  sand  was 
encoimtered  between  the  oil  sands  in  one  of  the  wells,  and  that  in 


Digitized  by  VjOOQIC 


42  OIL   DISTBICTS   OF   SOUTHERN    CALIFOBNIA. 

another  the  drill  was  stopped  in  a  deposit  of  tar  too  heavy  to  pump. 
The  best  well  is  reported  to  have  started  with  a  yield  of  50  barrels  per 
day,  but  this  was  reduced  to  about  13  barrels  at  the  time  of  the 
writer's  visit  (1902),  and  still  later  is  stated  to  have  fallen  oflf  consider- 
ably more.  The  oil  is  black  and  heavy  and  is  said  to  run  48  per  cent 
of  exceptionally  piu*e  (92  per  cent)  asphaltum. 

SANTA  PAULA   WELLS. 

Immediately  west  of  the  Sobra  Vista  group,  at  the  head  of  the 
Upper  Ojai  Valley,  are  the  two  wells  of  the  Santa  Paula  Oil  Company. 
They  penetrate  the  blue  shale  of  the  Modelo  formation,  which  is  here 
folded  into  a  westward-plunging  anticline.  The  wells  derive  their  oil 
from  interbedded  sandstones,  some  of  which  yield  seepages  of  heavy 
asphaltum.  The  northern  well  is  farther  down  the  dip  and  is  the 
deeper  of  the  two.  It  is  reported  that  this  yielded  lighter  oil  than  the 
southern  well  and  that  the  latter  struck  oil  similar  to  that  encountered 
in  one  of  the  Sobra  Vista  wells,  which  was  too  heavy  to  pump. 

SOUTHERN  SULPHUR  MOUNTAIN  FIELD. 
LOCATION. 

The  oil  areas  that  have  been  developed  along  the  s^outhem  base  of 
Sulphur  Mountain  lie  at  the  heads  of  Aliso,  Wheeler,  Salt  Marsh,  and 
Adams  canyons  and  along  the  short  gulch  heading  against  Adams 
Canyon  from  the  vSanta  Paula  Valley.  All  are  a  short  distance  south 
of  the  northern  boundary  of  what  once  constituted  the  San  Buena- 
ventura Mission.  The  general  elevation  of  these  areas  is  about  1,100 
feet.  Sulphur  Mountain  rising  abruptly  above  to  heights  between 
2,500  and  2,750  feet.  The  canyons  are  of  easy  grade  and  the  inter- 
vening ridges  are  comparatively  low. 

GEOLOGY. 

Two  and  perhaps  three  formations  are  involved  in  this  field — 
Modelo  shales;  Fernando  conglomerate,  sandstone,  and  clay;  and 
possibly  certain  remnants  of  the  Pleistocene,  consisting  of  coarse 
gravel  and  gritty  sand. 

The  Modelo  is  confined  to  Sulphur  Mountain  and  consists  of  blue 
and  brown,  finely  laminated  shale,  which  is  either  earthy  or  siUceous, 
here  and  there  even  slightly  sandy,  and  thin  beds  of  sandstone.  The 
shale  is  the  conspicuous  feature,  however,  and  is  of  the  type  variety. 
It  carries  the  customary  gray  to  yellow  limestone  concretions,  which 
with  the  shale  show  an  abundance  of  organic  remains,  foraminifera 
and  fish  integuments  and  their  impressions.  The  browner  variety  of 
the  shale  is  gypsiferous  and  carbonaceous. 
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Adjacent  to  the  line  of  division  between  this  shale  and  the  suc- 
ceeding formation  there  is  in  places  a  body  of  earthy  shale,  the  general 
color  of  which  is  brown  and  through  which  are  threaded  thin-bedded 
sandstones  from  a  few  inches  to  a  few  feet  in  thickness.  All  in  all, 
this  shale  somewhat  resembles  others  of  doubtful  age  that  are  encoxm- 
tered  in  the  oil  fields  of  Jhe  Santa  Susana  Mountains  and  is  not  unlike 
certain  beds  that  underUe  the  more  siUceous  shale  of  the  Modelo  for- 
mation in  the  region  of  Hopper  Canyon.  The  question  regarding  the 
beds  referred  to  in  the  Santa  Susana  Mountains  is  whether  the  shale 
actually  belongs  to  the  Modelo  or  to  a  younger  formation,  although 
perhaps  still  of  Miocene  age.  The  same  uncertainty  holds  for  the 
shale  of  the  Sulphur  Mountain  localities  until  detailed  work  shall  have 
determined  its  proper  reference.  A  possible  characteristic  that  may 
prove  to  be  of  value  in  distinguishing  this  shale  from  those  of  the 
Modelo,  the  more  finely  laminated  beds  of  which  are  of  a  like  brown 
color,  is  the  mud-like  texture  and  consistency  of  the  younger  shales. 
The  younger  clays  are,  moreover,  decidedly  arenaceous,  and  are  also 
commonly  associated  with  sandstones. 

The  formation  regarded  as  Fernando  forms  the  mass  of  the  hills 
between  Santa  Clara  River  and  Sulphur  Mountain,  except,  perhaps,  a 
Pleistocene  fringe  along  the  immediate  valley.  Some  of  the  lower 
sands  are  bituminous,  this  characteristic  appearing  to  become  more 
conspicuous  as  Sulphur  Mountain  is  approached.  The  clays  associ- 
ated with  the  lower  sands  are  brown  or  blue.  The  conglomerates  of 
this  series  include  pebbles  of  sandstone,  quartz,  granite,  black  chert, 
and  siliceous  shale,  the  last  evidently  derived  from  the  Modelo  and 
probably  from  Sulphur  Mountain  itself.  The  succession  of  beds  here 
described  is  encountered  also,  though  with  some  variation,  in  the 
Santa  Paula  Valley  and  in  the  several  canyons  to  the  west  of  Adams 
Canyon. 

By  reason  of  the  uncertainty  regarding  the  age  of  the  brown  shale 
referred  to  above  it  is  evident  that  the  Une  between  the  Fernando 
and  the  Modelo  formation  is  indefinite.  It  is  worthy  of  note  in  passing 
that  there  is  a  considerable  difference  in  the  gravity  of  the  oils  derived 
from  the  Modelo  shales  and  the  Fernando  sands  and  gravels  in  this 
field,  that  from  the  Modelo  being  much  the  Ughter. 

Deposits  of  sand  and  coarse  gravel  occurring  in  the  lower  portion 
of  Adams  Canyon  are  doubtfully  referred  to  the  Pleistocene  series. 
These  have  the  appearance  of  being  an  outlier  of  the  more  prominent 
body  of  like  sediments  east  of  the  Santa  Paula  Valley.  The  deposits 
have,  however,  received  but  passing  attention  and  have  little  or  no 
bearing  on  the  geology  of  the  Sulphur  Mountain  oil  district. 
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STRUCTURE. 

Sees.  A-A'  and  B-B',  PI.  Ill,  show  the  probable  structural  relations 
of  the  different  formations  in  the  Sulphur  Mountain  region.  The 
relation  between  the  Modelo  shale  and  the  succeeding  formation  along 
the  southern  basfe  of  Sulphur  Mountain  is  primarily  that  of  uncon- 
formity, but  faults  are  here  and  there  suggested  by  the  sharp  contrast 
of  the  beds  in  contact  and  by  the  flexures  that  have  particularly 
affected  the  strata  in  proximity  to  the  line  of  the  suspected  fracture. 
The  fault,  if  it  exists,  is  in  harmony  with  the  other  structural  features 
of  the  region  and  is  supplemental  to  those  farther  north  already 
described.  It  is  the  southernmost  component  of  the  system  radiating 
from  the  San  Cayetano  fracture  a  mile  or  two  east  of  the  Santa  Paula 
Valley.  In  each  of  the  canyons  in  the  southern  face  of  Sulphur 
Mountain  evidences  of  the  fracture  are  more  or  less  distinct. 

Of  the  flexures  in  the  area  under  discussion  the  sharpest  occur  in 
the  interfault  block  of  the  Modelo  shale.  The  most  conspicuous  one 
occurs  halfway  up  the  face  of  Sulphur  Mountain.  It  consists  of  a 
zone  of  severely  crushed  strata  100  to  200  feet  broad. 

A  short  distance  south  of  the  suspected  fault,  in  the  younger  for- 
mation of  clay,  sandstone,  and  conglomerate  that  is  possibly  the 
Fernando,  there  may  be  here  and  there  detected  an  anticUnal  fold,  its 
axis  having  the  general  strike  of  the  formation,  varying  from  N.  65°  E. 
at  the  eastern  terminus  of  the  mountain  to  N.  80°  E.  farther  west. 
The  southern  limb  of  the  anticline  extends  beneath  the  foothills  to 
the  Santa  Clara  Valley,  the  dip  varying  from  45°  to  80°,  but  usually 
approaching  the  lesser  angle.  The  northern  limb  is  steep,  short,  and 
truncated  by  the  plane  of  the  fault.  This  structure  appears  in  several 
of  the  canyons  and  hill  areas,  but  its  continuity  from  point  to  point 
has  not  been  established.  Instead  of  an  anticline  it  may  be,  perhaps, 
but  a  bending  downward  of  the  strata,  a  crumpling  of  the  beds  due  to 
compression  adjacent  to  the  fracture.  In  Adams  and  Wheeler  can- 
yons the  anticlinal  feature  is  somewhat  stronger,  while  in  Aliso  Canyon 
general  crumpling  seems  to  prevail.  Farther  west,  however,  in  the 
region  of  Harmon  Canyon,  the  anticline  again  appears;  the  northern 
limb  is  still  short  and  terminates  in  a  sharp  reverse  flexure,  or  perhaps 
at  the  fault,  which  marks  the  junction  of  a  series  of  table-like  benches 
with  the  main  body  of  the  mountain.  The  entire  region  north  of 
this  fault  to  the  Topatopa  Range  is  a  succession  of  displaced  blocks, 
crumpled  in  the  manner  just  described.  From  the  axis  of  this  dis- 
turbance southward  to  the  Santa  Clara  A^alley  the  strata  maintain 
their  southerly  dip  with  marked  persistency,  at  most  varying  only  by 
minor  and  locahzed  flexures. 
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OH,  WELLS. 

The  line  of  the  suspected  fault  along  the  south  side  of  Sulphur 
Mountain  is  marked  in  the  several  canyons  by  many  strong  seepages 
of  petroleum,  and  in  proximity  to  the  fractiu^e,  in  the  northward  dip- 
ping or  more  severely  cnunpled  strata  of  the  Fernando  formation, 
most  if  not  all  of  the  wells  of  this  general  field  are  drilled.  Those 
yielding  the  lighter  oil,  however,  may  penetrate  to  minor  sands  in  the 
Modelo,  or  they  may  be  pecuUar  to  the  brown  shale  of  imcertain 
though  perhaps  Modelo  age  (p.  19).  The  heavier  oil  without  doubt 
occiu«  in  the  Fernando  formation. 

The  wells  in  the  field  under  discussion  have  been  drilled  at  the  heads 
of  Aliso,  Wheeler,  Salt  Marsh,  and  Adams  canyons  and  along  the  bot- 
tom of  a  short  gulch  east  of  Adams  Canyon.  But  little  new  develop- 
ment was  under  way  at  the  time  of  the  investigation  and  it  was  diffi- 
cult to  obtain  data  relating  to  the  occurrence  of  tlie  petroleum.  Fur- 
thermore, many  of  the  wells  were  old  and  were  abandoned,  while  the 
product  of  others  was  reduced  to  only  1  or  2  barrels  a  day.  The  initial 
flow  of  some  of  the  wells  appears  to  have  been  as  high  as  25  or  even 
50  barrels.  The  depth  as  a  rule  ranges  between  150  and  500  feet,  but 
here  and  there  1,800  or  2,000  feet  is  said  to  have  been  attained.  An 
early  mode  of  recovering  the  oil  was  by  tunnels,  many  of  which  pene- 
trate the  shale  of  Sulphur  Mountain.  From  these  a  small  amount  of 
oil  still  seeps,  although  several  barrels  a  day  have  been  obtained. 

Two  varieties  of  oil  occur  in  this  field — one  black,  with  a  gravity  of 
19°  to  30°  B.;  the  other  green,  with  a  gravity  of  30°  to  32°  B.  The 
lighter  oil,  as  already  stated,  is  beUeved  to  be  associated  with  the 
shale  doubtfully  assigned  to  the  Modelo  formation.  It  occurs  nearer 
the  base  of  the  mountain  than  the  black  and  heavy  oil.  The  com- 
paratively shallow  depth  of  certain  of  the  wells  yielding  green  oil  and 
their  location  well  up  on  the  slopes  of  Sulphur  Moimtain  suggest  the 
possibihty  that  the  productive  beds  outcrop  in  the  base  of  the  moun- 
tain. None  of  the  strata,  however,  so  far  as  the  writer  could  learn, 
showed  any  indication  of  containing  petroleum. 

The  duration  or  life  of  the  wells  varies.  Two  years  seems  to  be 
the  maximum  for  the  larger  yields,  but  beyond  this  time  the  product 
dwindles  to  1  or  2  barrels  a  day  and  then  remains  constant  for  an 
indefinite  time.  This  constancy,  coupled  with  the  inexpensiveness  of 
pumping,  accounts  for  their  still  remaining  in  service.  The  earliest 
drilling  reported  in  this  field  was  done  by  Mr.  Adams  twenty-five 
years  ago  in  Adams  Canyon.  This  well  and  another  in  proximity, 
put  down  by  the  Union  Oil  Company,  afforded  a  light  oil,  and  a  similar 
product  was  obtained  by  wells  in  Salt  Marsh  Canyon.  Periodic 
attempts  have  been  made  to  develop  the  source  from  which  this  sup- 
ply was  derived,  but  without  success.  Opinions  differ  as  to  the  rela- 
tions of  the  light  oil  to  the  Modelo  shale.     It  is  possible  that  this  oil 
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is  derived  from  the  strata  adjacent  to  the  shallow  wells  (about  200 
feet  deep)  which  are  probably  in  the  Modelo  shale;  but  on  the  other 
hand,  the  beds  are  severely  crushed  and  the  oil  may  be  derived  from 
a  considerable  depth,  rising  through  fissures  in  the  shale.  Of  the 
wells  in  Salt  Marsh  Canyon,  one  yielding  green  oil  is  said  to  have  pro- 
duced an  average  of  60  barrels  a  day  after  the  head  had  been  pumped 
oflF.  It  is  said  also  that  in  the  Salt  Marsh  wells  the  horizon  affording 
green  oil  is  first  struck,  the  black  variety  being  100  or  200  feet  lower 
down.  In  Wheeler  Canyon  the  conditions  are  reversed,  the  top  oil 
havmg  a  gravity  of  28°  B.  and  the  lower,  400  or  500  feet  below,  of  30°  B. 
The  dip  of  the  strata  in  the  several  productive  areas  of  this  field 
varies  from  45°  to  80°  N.  South  of  the  axis  of  folding  and  crumpling — 
south  of  the  productive  line,  therefore — the  dip  is  usually  less  than 
45°  S.,  although  here  and  there  80°  may  be  attained. 

SILVER   THREAD   OR    SISAR   CREEK   FIELD. 
LOCATION. 

The  Silver  Thread  field  is  developed  on  the  high  groimd  immedi- 
ately north  of  Sisar  Creek,  near  its  confluence  with  Santa  Paula  Creek, 
directly  opposite  the  productive  territory  east  of  the  latter  stream. 
PI.  VI,  B,  shows  its  position  in  relation  to  the  surrounding  country. 

STRUCTURE. 

The  field  is  included  within  the  area  of  the  great  fault  system  extend- 
ing from  San  Cayetano  Mountain  to  the  Ojai,  and  is  therefore  in  struc- 
tural relationship  with  the  producing  fields  both  west  and  east  of  it. 
It  lies  within  a  short  distance  of  the  point  of  convergence  of  the  sev- 
eral faults  that  form  so  conspicuous  a  feature  in  the  geology  of  this 
region.     PI.  Ill,  sec.  B-B',  indicates  the  probable  relations  existing 
along  this  line  through  the  field.     The  productive  area  lies  in  prox- 
imity to  what  is  perhaps  the  principal  fault  of  the  Ojai  system,  which 
here  passes  along  the  steep  slopes  that  form  the  northern  walls  of 
lower  Sisar  Canyon.     The  extent  of  the  development  is  about  a  mile 
in  length  by  400  or  500  feet  in  width,  the  direction  assumed  by  the 
wells  being  approximately  S.  71°  45'  E.,  or  about  the  trend  of  the  line 
between  the  properties  of  the  Bard  Oil  and  Asphalt  Company  on  the 
south  and  certain  others  on  the  north.     The  collars  of  the  wells  ai*e 
but  a  short  distance  below  the  brow  of  the  mesa  that  extends  back  to 
the  main  mass  of  the  mountains  on  the  north,  being  about  1 ,500  feet 
above  sea  level,  or  500  feet  above  the  bed  of  Santa  Paula  Canyon. 

Only  two  or  three  formations  outcrop  in  the  Silver  Thread  field. 
The  oldest  of  these,  which  occupies  the  northern  portion  of  the  belt, 
represents  the  upper  part  of  the  Topatopa  and  consists  of  a  series  of 
rusty  conglomerate,  sandstone,  and  shale,  with  interbedded  quartz- 
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A.     FLANKS  OF  OAK  RIDGE  AND  SANTA  SUSANNA  MOUNTAINS.  SHOWING  POST-PLIOCENE 

PENEPLAIN. 

From  mouth  of  Sulphur  Canyon;   looking  east. 


B.     THE  UPPER  OJAI  VALLEY. 

From  crest  of  Sulphur  Mountain,  Ventura  County 
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ose  limestones^  which  carry  fossils  that  have  been  determined  to  be 
Eocene.  These  rusty  beds  are  a  part  of  the  overturned  south  iiank 
of  the  great  anticline  to  the  north,  and  pass  directly  beneath  the 
great  body  of  older  Topatopa  quartzite  and  shale  that  occupies  the 
very  heart  of  the  range. 

The  red  beds,  probably  belonging  to  the  Sespe  formation,  are  exposed 
in  a  narrow  belt  little  more  than  100  yards  wide,  along  the  upper  por- 
tion of  the  face  of  the  ridge  north  of  Sisar  Canyon.  They  outcrop 
south  of  the  rusty  beds,  passing  beneath  them,  however,  with  a  north- 
erly dip,  as  part  of  the  overturned  series.  They  consist  of  coarse 
sandstone,  streaked  red  and  white,  and  shale  colored  in  like  manner, 
as  in  the  Sespe  region.  In  the  Silver  Thread  field,  as  well  as  in  the 
Ojai  Valley,  there  is,  stratigraphically  below  the  red  beds,  a  con- 
spicuous layer  of  white  sandstone  from  20  to  30  feet  thick,  which  is 
locally  bituminous  and  carries  small  lenticular  bodies  of  green  and 
purplish  clay.  Stratigraphically  above  the  red  beds  in  the  Ojai 
Valley  are  rusty  beds,  but  these  are  not  exposed  in  the  Silver  Thread 
region. 

South  of  the  red  beds  is  the  Modelo  shale,  occupying  the  slopes  of 
Sisar  Canyon  and  Sulphur  Mountain.  The  formation  here  has  the 
typical  appearance,  consisting  of  earthy  to  siliceous  shale,  brown, 
gray,  and  white  in  color,  more  or  less  organic,  impregnated  with  gyp- 
sum, sulphur,  and  bitumen,  and  carrying  lenses  of  limestone  that 
weather  a  bright  yellow.  This  shale  is  thrust  down  against  the  forma- 
tions already  described  by  a  displacement,  which  may  be  called  the 
Silver  Thread  fault.  This  is  probably  the  principal  westerly  branch 
of  the  San  Cayetano  break  and  may  be  the  continuation  of  the  principal 
fault  of  the  Ojai  Valley.  If  this  connection  is  correct,  the  displace- 
ment amounts  probably  to  several  thousand  feet.  Immediately  south 
of  the  fracture  the  beds  are  folded  into  an  anticline,  the  axis  of  which  is 
coincident  with  the  lower  part  of  Sisar  Canyon.  In  Sulphur  Mountain 
they  lie  in  a  syncline,  the  axis  being  coincident  with  the  crest  of  the 
mountain.  A  little  farther  south  there  is  a  second  anticline,  beyond 
which,  with  the  exception  of  minor  flexures,  the  southerly  dip  of  the 
strata  is  maintained  to  the  valley  of  Santa  Clara  River. 

In  the  bluffs  of  Santa  Paula  Canyon,  at  the  base  of  the  oil-yielding 
hills,  there  is  immediately  north  of  the  anticlinal  axis  an  outcrop  of 
200  or  300  feet  of  earthy,  micaceo-quartzitic  shale,  chalky  in  color 
and  bearing  yellow  to  gray  limestone  concretions  and  thin  beds  of 
sandstone.  This  shale  resembles  the  chalky  Modelo  shale  in  Hopper 
Canyon  and  is  probably  its  equivalent.  Immediately  south  of  the 
anticlinal  axis,  at  the  mouth  of  Sisar  Creek,  the  more  siliceous  shale 
sets  in.  It  is  possible,  therefore,  that  some  faulting  has  taken  place 
along  the  crest  of  the  fold,  so  that  the  series  is  not  the  same  on  both 
sides.     On  the  other  hand,  it  may  be  that  the  appearance  of  the  shale 
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of  northerly  dip  has  been  altered  by  the  crushing  that  it  has  under- 
gone in  proximity  to  the  fault. 

The  Modelo  shale  of  Sulphur  Mountain  and  the  valleys  north  and 
south  is  continued  east  of  Santa  Paula  Canyon  in  the  foothills  of  the 
Santa  Paula  Ridge  and  San  Cayetano  Mountain;  finally,  by  the  con- 
vergence of  faults,  wedging  out  between  the  Fernando  sediments  of 
the  foothills  and  the  Topatopa  formation  of  the  mountain. 

The  general  strike  of  the  formations  north  of  the  Modelo  is  N.  65® 
W.,  the  dip  bemg  40''-70°  N.  Adjacent  to  the  Silver  Thread  fault  Une 
the  Modelo  also  strikes  N.  65^  W.  parallel  with  the  break,  but  along 
Sisar  Creek  the  direction  changes  to  nearly  east  and  west,  while  south 
of  Sulphur  Mountain  it  is  N.  60°-70^  E.  Immediately  sbuth  of  the 
main  fracture  the  shale  of  this  formation  dips  to  the  north,  toward  the 
plane  of  displacement,  the  axis  of  the  adjacent  anticline  lying  perhaps 
200  or  300  yards  farther  south. 

Although  the  prevailing  dip  near  the  Silver  Thread  fault  is  north- 
ward, the  strata,  nevertheless,  present  more  or  less  irregularity  of 
occurrence,  the  appearance  suggesting  a  fragmental  condition  of  the 
formations.  This  may  readily  be  the  case  along  a  fracture  of  such 
proportions,  the  amount  of  displacement  being  hardly  less  than  5,000 
or  6,000  feet. 

OIL  WELLS. 

The  oil  wells  of  this  district  all  lie  immediately  north  of  the  Silver 
Thread  fault,  which  separates  the  Modelo  shale  and  the  Sespe  red 
beds.  They  pierce  the  red  beds,  and  a  few  wells  in  their  upper  por- 
tions pass  through  the  more  southerly  members  of  the  older  but  over- 
lying rusty  beds  that  carry  Eocene  fossils.  None  of  the  wells  is  distant 
more  than  200  or  300  feet  from  the  plane  of  fracture,  while  one  or  two 
are  especially  close  to  it,  appearing,  indeed,  to  have  been  sunk  in 
crushed  rock  of  the  Modelo  formation;  however,  in  view  of  the  xmeer- 
tainty  as  to  the  dip  of  the  fault  plane  it  may  be  that  they  pass  at  slight 
depth  from  the  fragmental  Modelo  into  the  more  solid  strata  of  the 
older  formations  north  of  the  fault. 

The  maximum  depth  attained  is  a  little  over  1,000  feet.  The  wells 
are  all  small,  12  barrels  per  day  being  the  largest  individual  yield  at 
the  present  time.  The  gravity  of  the  oil  varies  somewhat  from  well  to 
well,  but  the  average  is  approximately  19°  B.  The  color  of  the  oil  is 
green.  The  only  flowing  wells  are  those  of  the  Ojai  Company,  which 
lie  west  of  the  others,  with  their  collars  at  a  considerably  lower  eleva- 
tion; they  are  also  very  shallow  and  are,  moreover,  located  directly 
in  the  line  of  seepage  of  the  region. 
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FIELD    SOUTH    OP   SANTA   PAULA   RIDQB. 
LOCATION. 

The  productive  oil  territory  immediately  east  of  Santa  Paula  Can- 
yon lies  at  the  foot  of  the  steep  southern  face  of  San  Cayetano  Moun- 
tain and  is  the  eastward  extension  of  the  Ojai,  Silver  Thread,  and 
Sulphur  Mountain  districts.  The  general  configuration  of  the  dis- 
trict is  shown  in  PI.  VII,  A^  a  panorama  looking  north  from  Santa 
Paula,  in  which  this  field  appears  along  the  face  of  San  Cayetano 
Mountain  on  the  right  The  sharply  eroded  ridges  in  the  middle  dis- 
tance on  the  right  are  composed  of  the  Fernando  conglomerate,  sand- 
stone, and  clay. 

GEOLOGY   AND   STRUCTURE. 

The  great  San  Cayetano  fault,  along  which  the  late  Tertiaries  are 
in  contact  with  the  Topatopa  formation,  lies  at  the  base  of  the  steeper 
portion  of  San  Cayetano  Mountain,  at  the  upper  edge  of  the  lofty  foot 
slopes,  2,000  feet  above  sea  level.  Along  this  line  the  oil-producing 
territory  has  been  found,  the  area  of  yield  widening  somewhat  with 
the  appearance  of  other  members  of  the  fault  system,  in  the  direction 
of  Santa  Paula  Creek.  In  this  direction,  too,  the  succession  of  strata 
and  their  relations  become  more  and  more  complex. 

The  sediments  involved  in  the  productive  region  east  of  Santa 
Paula  Creek  include  unmistakable  Topatopa  beds;  a  small  wedge  of 
the  rusty  Eocene  sandstone,  shale,  and  Osfrea-bearing  limestone  from 
the  Silver  Thread  field;  shale  of  the  Modelo  type,  and  a  succession  of 
sandstone,  conglomerates,  and  blue,  mud-like  arenaceous  clays,  that 
have  already  been  referred  to  as  probably  of  Fernando  (Pliocene) 
age.  These  last  are  the  same  as  those  occurring  in  Adams,  Wheeler, 
and  Aliso  canyons  and  are  also  to  be  seen  in  strong  outcrops  crossing 
Santa  Paula  Creek  from  3  miles  above  the  town  of  Santa  Paula  to  a 
point  within  a  mile  of  Sisar  Creek.  The  Modelo  is  identified  by  the 
siliceous  character  of  its  shales  and  by  their  organic  life.  As  it  is, 
however,  in  a  locality  in  which  the  rocks  are  badly  crushed  and  in 
which  there  is  a  rapid  succession  of  interfault  blocks,  it  is  impossible 
to  recognize  its  relations  to  adjacent  beds. 

A  typical  section  (see  PL  III,  sec.  C-C)  of  the  field,  directly  across 
the  strata  from  a  point  about  2  miles  east  of  Santa  Paula  Creek, 
in  the  vicinity  of  the  Hartford  well,  is  as  follows :  On  the  north  the 
typical  Topatopa,  succeeded  across  a  fault  plane  by  a  siliceous  shale 
typical  of  the  Modelo.  South  of  this  is  a  large  body  of  brown  shale 
with  limestone  lenses,  which  under  ordinary  circumstances  would  be 
r^arded  as  also  a  part  of  the  Modelo,  but  which  is  less  siliceous  and 
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more  earthy  than  many  of  the  Modelo  beds.  Still  farther  south  are 
Fernando  sandstone  and  conglomerate,  which,  with  shale  and  clay, 
extend  well  out  beneath  the  sloping  foothills  of  the  range.  The  strata 
in  the  fault  zone  and  adjacent  to  it  on  the  south  have  a  northerly  dip, 
varying  from  80°  in  the  sandstone  and  conglomerate  just  south  of 
Bear  Canyon  and  the  well  area  to  50®  in  the  well  area  itself  and  to  30** 
in  the  escarpment  of  Santa  Paula  Ridge  and  San  Cayctano  Mountain. 
The  throw  of  the  fault  plane  separating  the  Modelo  and  the  Topatopa 
formations  amounts,  doubtless,  to  many  thousand  feet.  A  second 
fault  probably  exists  in  the  interval  between  the  Modelo  sihceous  shale 
and  the  Fernando  sandstone  and  conglomerate  south  of  Bear  Can- 
yon and  at  the  head  of  Mud  Gulch,  the  intervening  brown  shale, 
which  is  earthy  and  staineJ  with  bitumen,  belonging,  in  the  writer's 
beUef ,  to  the  older  formation.  The  strata  south  of  the  second  fault 
are  probably  overturned,  and  only  at  a  depth  of  1,000  or  2,000  feet 
assume  their  regular  dip  to  the  south.  This  fault  is  probably  the 
easterly  extension  of  that  existing  along  the  southern  base  of  Sul- 
phur Mountain,  since  its  trend  and  that  of  the  adjacent  strata  is 
N.  65^-80°  E.,  in  conformity  with  the  strikes  in  the  latter  region. 
The  northern  fault  is  doubtless  the  extension  of  the  fault  passing 
north  of  Sulphur  Mountain,  its  trend  and  that- of  the  lines  of  strati- 
fication adjacent  being  N.  65^-80®  W.  The  extent  of  throw  along 
the  southern  fault  is  imdetermined  and  may  vary  from  500  to  1,500 
feet.  These  two  faults  come  together  about  5  miles  east  of  Santa 
Paula  Creek,  in  the  vicinity  of  the  Empire  wells,  and  east  of  this 
point  only  a  single  fracture  is  present. 

OIL   WELLS. 

The  wells  of  this  field  are  confined  chiefly  to  the  brown  shale  and 
range  in  depth  from  a  few  himdred  to  nearly  2,000  feet.  Sandy  beds 
lindoubtedly  occur;  but  in  the  main  the  strata  are  blue,  brown,  and 
black  shale,  with  occasional  harder  layers,  known  to  the  drillers  as 
"hard  shells. '^  The  oil  is  found  in  the  coarser  sediments.  The 
Empire  wells,  in  the  eastern  part  of  the  field,  show  traces  of  the  Fer- 
nando sandstone  and  conglomerate,  from  which,  doubtless,  they  draw 
a  portion  of  their  oil,  the  remainder  coming  from  the  imderlying 
Modelo  formation.  Some  of  the  wells  of  this  field  are  reported  to 
have  started  at  200  barrels  or  more,  the  yield  after  a  short  time  falling 
oflF  until  it  is  now  between  5  and  20  barrels.  The  oil  is  light,  its 
gravity  being  35°  B.,  and  of  greenish  color,  resembling  in  a  measure 
that  from  the  same  formation  in  the  Puente  Hills. 

The  companies  operating  east  of  Santa  Paula  Creek  are  the  O'Hara, 
the  Chicago  Crude,  the  Paxton  Gold  Bond,  the  Pure,  the  Hartford^ 
the  Cimiff ,  and  the  Empire. 
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SBSPE  FIELDS. 
LOCATION.   . 

The  Sespe  fields  include  that  portion  of  the  territory  north  of  the 
Santa  Clara  Valley  which  lies  adjacent  to  Sespe  Creek  in  the  lower 
8  or  10  miles  of  its  course,  together  with  the  area  about  Little  Sespe, 
Fourf ork,  Tar,  and  Bear  creeks  and  Pine  and  Coldwater  canyons — all 
in  the  Sespe  drainage  system. 

STRUCTURE. 

In  the  Sespe  district  the  formations  begin  to  show  crumpling,  at 
first  gentle,  then  severe,  at  the  northern  border  of  the  Camulos  quad- 
rangle. The  axis  of  the  general  fold  lies  just  outside  the  quadrangle, 
while  south  of  the  fold  is  the  edge  of  the  broad  table  of  Sespe  red  beds. 
(See  PI.  Ill,  sec.  X-Z'.)  In  the  country  adjacent  to  the  table  of  red 
beds  on  the  south  lies  the  axis  of  the  Coldwater  anticline,  the  lowest 
beds  exposed  being  those  at  the  base  of  the  Sespe  formation.  The 
eastward  extension  of  this  anticline  is  somewhat  uncertain,  but  it 
may  prove  to  be  continuous  with  or  closely  adjacent  to  the  Ivers  anti- 
cline, the  axis  of  which  is  the  seat  of  the  Ivers  oil  wells.  Both  disap- 
pear in  the  folds  at  the  gorge  of  Little  Sespe  Creek.  South  of  the 
Coldwater  anticline,  confined  to  the  narrow  ridge  between  Coldwater 
and  Pine  canyons,  is  a  sharply  compressed  syncline.  This  is  nearly  in 
line  and  may  be  continuous  with  the  syncline  that  farther  east  passes 
through  Oat  Mountain  and  becomes  one  of  the  principal  structural 
features  of  the  region.  In  Pine  Canyon,  at  the  base  of  the  ridge  carry- 
ing the  syncline  above  mentioned,  the  Topatopa  formation  reappears 
from  beneath  the  Sespe  beds  and  with  northerly  dip  constitutes  San 
Cayetano  Mountain  and  Santa  Paula  Peak  and  the  general  mountain 
mass  of  which  they  are  such  conspicuous  features.  The  structure  of 
this  moimtain  mass  is  monoclinal,  developed,  doubtless  by  faulting, 
from  an  overturned  anticline  whose  arch  could  have  been  but  little 
less  than  that  of  the  main  Topatopa  fold  farther  north.  The  southern 
face  of  the  monocline  is  a  bold  escarpment  of  2,000  feet,  in  which  the 
strata  still  show  renmants  of  the  arch.  The  displacement  at  this 
fault  is  probably  3,000  or  4,000  feet. 

East  of  Sespe  Creek  the  more  important  subordinate  folds  on  the 
flanks  of  the  main  flexure  include  the  Oat  Moimtain  syncline,  already 
referred  to;  an  anticline  that  crosses  lower  Pole  Canyon  at  the  sharp 
turn  from  south  to  west;  and  another  anticline,  a  mile  farther  south, 
that  passes  into  the  valley  of  Sespe  Creek  immediately  below  the 
entrance  of  Pole  Canyon.  Each  of  these  folds  is  a  conspicuous  fea- 
ture, but  the  syncline  is  perhaps  the  most  marked,  involving  the  strata 
from  the  Modelo  to  the  red  beds  of  the  Sespe.     In  addition  to  these 
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there  are  numerous  local  folds  of  but  little  less  importance  than  those 
just  mentioned.  One  or  two  of  these  local  flexures  are  accompanied 
by  f aftlts,  forming  highly-crumpled  zones. 

The  portion  of  Sespe  Canyon  lying  above  its  confluence  with  Little 
Sespe  Creek  is  the  seat  of  marked  disturbance.  Apparently,  there 
has  been  not  only  folding  in  conformity  with*  the  general  east-west 
trend  of  the  main  anticline,  but  also  a  transverse  buckling  of  the  strata 
along  strike  lines  that  probably  took  place  synchronously  with  the 
development  of  the  principal  folds.  This  buckling  resulted  in  the  sharp 
changes  observed  in  the  direction  of  structural  lines  and  rendered 
still  more  complex  the  general  folds  and  faults  that  affect  the  strata, 
especially  in  the  angle  between  the  main  Sespe  Creek  and  its  tribu- 
tary, Little  Sespe  Creek,  and  about  the  mouth  of  Sespe  Canyon.  In 
this  region  the  regularity  of  the  folds  described  in  the  preceding  para- 
graphs has  been  almost  completely  destroyed,  and  the  real  structure 
is  determined  with  difliiculty. 

The  valley  of  Sespe  Creek  below  the  canyon  is  filled  with  Pleistocene 
deposits  that  conceal  the  older  formations.  East  of  the  stream,  in  the 
lower  slopes  of  Oat  Mountain,  there  is  a  suggestion  of  the  structure 
in  the  presence  of  Os^r^^a-bearing,  rusty  sandstone  and  shale,  more  or 
less  calcareous,  that  closely  resemble  the  rusty  beds  at  the  summit 
of  the  Sespe  formation.  These  beds  have  a  general  N.  15°  W.  strike 
and  an  easterly  dip.  The  strike  becomes  northwesterly  toward  the 
north,  the  beds  evidently  crossing  the  creek  and  uniting  with  those 
in  the  much-crumpled  area  immediately  within  the  canyon  mouth. 
To  the  south  the  rusty  beds  disappear  beneath  the  overlying  members 
of  the  Vaqueros  formation,  affording  indications  of  a  southerly  dip 
beneath  the  valley.  It  is  possible,  however,  that  at  this  point  there 
is  a  fault  which  has  carried  down  the  Modelo  shale,  bringing  it  into 
contact  with  the  lower  members  of  the  Vaqueros  formation  and,  f)er- 
haps,  even  with  the  nisty  upper  beds  of  the  Sespe. 

The  strikes  and  dips  here  described  suggest  the  east  end  of  an  anti- 
cline, most  of  which  lies  buried  beneath  the  recent  deposits  of  the  Sespe 
and  Santa  Clara  valleys.  It  is  possible,  too,  that  the  trace  of  an  anti- 
clinal axis  in  the  southern  escarpment  of  San  Cayetano  Mountain, 
already  referred  to,  may  be  a  portion  of  the  same  flexure.  In  this 
case  the  San  Cayetano  fault  may  merge  into  this  anticline  on  the  east 
or  it  may  die  out  in  the  much  smaller  fracture  at  the  south  end  of  Sesp>e 
Canyon,  suggested  in  the  preceding  paragraph. 

In  the  development  of  the  earlier  geologic  features  in  the  vicinity 
of  the  present  Sespe  Canyon  there  appears  to  have  been  formed,  at  the 
close  of  the  Miocene,  a  structural  bay,  which  was  later  filled  with 
Pleistocene  and,  perhaps,  Pliocene  sediments.  The  uppermost  Fer- 
nando or  Pleistocene  deposits  are  those  which  to-day  are  exposed  in 
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this  locality.  The  lower  Fernando  is  not  exposed,  but  its  outcrops 
cover  considerable  areas  to  the  west  and  isolated  areas  also  appear 
to  the  east,  notably  at  the  point  of  the  foothills  immediately  east  of 
Fillmore  and  in  the  vicinity  of  Piru.  East  of  Piru  the  Fernando 
becomes  the  prevailing  formation. 

A  stratigraphic  feature  that  has  considerable  significance  in  con- 
nection with  the  geologic  history  of  the  Sespe  region  is  the  disappear- 
ance of  the  lower  Modelo  sandstone.  In  the  area  about  the  head  of 
Hopper  Canyon  this  terrane  has  an  enormous  development,  its  thick- 
ness amoimting  to  at  least  4,000  or  5,000  feet.  Within  the  Sespe  oil 
fields,  however,  its  maximum  is  barely  more  than  1,000  feet  and  it 
disappears  entirely  in  the  slopes  of  Sespe  Valley  south  of  Oat  Moim- 
tain.  At  other  points  within  the  confines  of  the  oil  fields  it  passes 
beneath  the  surface  while  still  strongly  developed,  and  its  ultimate 
behavior  is  of  course  unknown. 

The  range  south  of  Santa  Clara  River  is  seemingly  a  development 
independent  of,  though  perhaps  synchronous  with,  the  mountains 
north  of  the  river.  There  is,  however,  a  degree  of  geologic  relation- 
ship shown  by  the  recurrence  in  the  lower  slopes  of  Oak  Ridge  of  beds 
that  from  a  paleontologic  standpoint  are  undoubtedly  the  homologues 
of  the  lower  portion  of  the  lower  Miocene  which  is  encoimtered  on 
Fourfork  and  Tar  creeks.  Below  this  paleontologic  horizon  in  other 
portions  of  Oak  Ridge,  particularly  to  the  west,  still  lower  measiu'es 
are  exposed,  consisting  of  brightly  banded  red  and  gray  sandstone 
and  sandy  clay  and  heavier  cross-bedded  and  somewhat  conglomeratic 
rusty  sandstone.  This  series  is  in  general  appearance  very  different 
from  the  Sespe  beds  north  of  the  Santa  Clara,  yet  in  some  of  the  details 
there  is  considerable  resemblance.  It  would  seem,  therefore,  that 
the  horizons  mentioned  are  repeated  in  the  two  localities,  but  with  a 
certain  differentiation  of  sediment  and  a  reduced  thickness  to  the  south. 
Suggestions  of  such  reduction  are  foimd  even  north  of  the  Santa 
Clara  in  the  westerly  slope  of  Oat  Mountain,  where  the  Vaqueros 
and  Modelo  formations  are  perceptibly  thinner  than  in  their  type 
localities. 

The  foregoing  description  of  structure  about  Sespe  Canyon  is  the 
result  of  a  reconnaissance  made  with  reference  to  the  mode  of  occur- 
rence of  petroleum  in  the  several  localities  in  which  it  has  been  foimd. 
Detailed  work,  careful  examination  of  individual  strata  for  their  fossil 
contents,  and  the  tracing  of  the  several  horizons  should  lead  to  a  much 
clearer  understanding  of  the  complexities  that  exist  and  might  even 
alter  the  present  exposition  of  some  of  the  features.  In  the  main, 
however,  it  is  believed  that  the  view  presented  is  correct,  and  so  far 
as  it  bears  on  the  occmrence  of  petroleum  it  may  be  accepted. 
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OIL   WELLS. 

The  wells  in  the  Sespe  district  may  be  grouped  as  follows:  Those 
of  the  Union  Consohdated  Oil  Company  in  Sespe  Canyon,  at  the  base 
of  Sulphur  Peak;  those  in  the  vicinity  of  Devilsgate,  a  narrow  gorge 
of  the  Sespe  2  or  3  miles  below  the  Union  wells;  the  Ivers  wells,  still 
lower  in  the  canyon;  the  Kentuck  wells,  also  in  Sespe  Canyon  just 
above  the  mouth  of  Little  Sespe  Creek;  the  Happy  Thought  wells,  on 
the  south  bank  of  Little  Sespe  Creek  near  its  mouth;  the  Foot-of-the- 
Hill  wells,  on  Little  Sespe  Creek  a  mile  above  its  confluence  with  the 
main  stream:  the  Fourfork  wells,  on  an  upper  branch  of  Little  Sespe 
Creek  2  or  3  miles  above  the  Foot-of-the-Hill  wells,  and  the  wells  on 
Tar  Creek. 

UNION    C0N80LIDATBD    WELLS. 

The  territory  being  developed  by  the  Union  Consohdated  Oil  Com- 
pany hes  on  the  north  flank  of  the  main  Topatopa  anticline.  At  the 
time  of  the  writer's  visit  the  company  had  but  a  single  productive 
well,  located  at  the  sharp  bend  of  Sespe  Creek  opposite  a  minor 
tributary  descending  from  Sulphur  Peak  and  entering  the  main  stream 
a  mile  above  the  mouth  of  Tar  Creek.  The  purpose  of  this  well  was  to 
tap  the  white  sandstone  at  the  base  of  the  Sespe  formation,  a  sand- 
stone that  here  gives  forth  a  considerable  seepage  of  oil.  The  gravity 
of  the  oil  of  this  well  is  about  11°  B.  A  second  well  was  about  to  be 
drilled  by  the  same  company  half  a  mile  farther  up  the  canyon,  start- 
ing in  the  upper  part  of  the  Topatopa  formation.  It  is  probable  that 
the  intention  was  to  obtain  a  jdeld  from  some  of  the  petroliferous 
sandstones  in  the  upper  part  of  the  Topatopa,  seepages  from  which 
occur  in  the  river  bed  a  few  hundred  yards  above  the  location  of  the 
well. 

REGION  OF   DBVIL8QATB. 

The  oil  wells  in  the  vicinity  of  Devilsgate  are  located  a  short  dis- 
tance above  the  narrows  of  the  Sespe  gorge,  close  to  the  axis  of  the 
Cold  water  anticUne.  The  major  part  of  this  antichne  Ues  west  of 
Sespe  Creek,  the  strata  in  the  arch  of  the  fold  having  been  suflBciently 
crushed  to  determine  the  position  of  Coldwater  Canyon.  The  general 
trend  of  the  axis  is  N.  70°  E.,  with  an  easterly  pitch  in  the  vicinity  of 
Sespe  Creek.  About  the  end  of  this  anticline  the  wells  of  the  Russell 
Company  have  been  drilled.  The  western  hmit  of  the  anticUne  is 
not  known,  but  it  extends  well  toward  the  summit  of  the  divide 
between  the  Sespe  and  Santa  Paula  drainage  systems,  and  may  per- 
haps continue  into  the  upper  canyons  of  the  east  fork  of  the  Santa 
Paula.  The  territory  that  has  been  proved  to  be  productive  along 
this  fold  is  at  present  confined  to  its  most  accessible  point,  Sespe 
Canyon.  The  possibilities  for  the  remaining  length  of  the  anticline 
are  yet  to  b§  determined. 
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The  heart  of  the  Coldwater  anticline  is  occupied  by  the  lower  divi- 
sion of  variegated  strata  at  the  base  of  the  Sespe  formation.  The 
arch  is  well  exposed  in  the  canyon  walls  east  of  the  Sespe  channel, 
where  practically  the  same  succession  of  beds  is  to  be  seen  as  in  the 
region  of  the  Union  Consohdated  Oil  Company's  wells  2  or  3  miles 
farther  up  the  canyon,  at  the  base  of  Sulphur  Peak.  The  lower 
members  of  the  formation,  however,  are  not  exposed.  The  arch  is 
comparatively  symmetrical,  and  the  wells  he  on  both  sides  of  the 
axis  and  also  of  Sespe  Creek.  They  penetrate  strata  lying  below  the 
division  of  greenish-gray  shale  in  the  upper  part  of  this  member  of  the 
Sespe,  and  it  is  reported  that  oil  is  derived  from  the  white  sandstone 
at  the  base  of  the  formation,  and  possibly  also  from  certain  strata 
in  the  upper  part  of  the  Topatopa  formation.  The  source  of  the  oil 
is,  therefore,  supposedly  the  same  as  in  the  wells  of  the  Union  Con- 
solidated Oil  Company.  The  wells,  five  in  number,  jdeld  a  black  oil 
of  heavy  gravity.  One  of  the  wells  is  said  to  have  produced  40  bar- 
rels of  heavy  oil  per  day  and  to  have  yielded  enough  gas' to  run  a  30- 
horsepower  boiler.  Considerable  water  rises  with  the  oil,  but  of  course 
is  easily  separated  in  the  settling  tanks.  No  shipments  of  oil  have  as 
yet  been  made  from  this  field,  the  entire  product  being  consumed  in 
the  operations  of  drilling. 


IVERS  WELLS. 


The  Ivers  wells,  located  in  Sespe  Canyon  a  short  distance  below 
Devilsgate,  are  drilled  on  and  near  the  axis  of  a  local  anticline  in  the 
red  sandstone  lying  about  midway  of  the  Sespe  formation  (see  fig.  6). 


Fio.  6. — Sketch  map  showing  location  of  I  vers  weJls  wi  th  relation  to  anticlinal  axis  in  the  Sespe  red  beds. 
Heavy  dots,  wells  productiTe  in  1902.  Figures  indicate  numbers  of  wells.  Lines  show  outcrop  of 
beds  around  nose  of  anticline. 

The  anticline  has  a  trend  of  N.  65"^  W.  with  an  easterly  pitch.  A 
transverse  section  of  the  anticline  indicates  a  dip  of  about  75°  on  the 
south  limb  and  30°  on  the  north  limb.  The  particular  horizon 
affording  oil  is  possibly  well  toward  the  bottom  of  the  red  beds,  and  is 
at  least  600  feet  lower  than  that  from  which  the  oil  of  the  Kentuck 
wells,  one-half  or  three-fourths  of  a  mile  to  the  south,  is  derived. 


Digitized  by  VjOOQIC 


56  OIL   DISTBICTS   OF   SOUTHEEN    CAUFOBIHA. 

The  westward  extent  of  the  Ivers  anticline  was  not  determined,  nor 
are  its  relations  to  the  other  folds  of  the  region  known.  Its  general 
trend  would  cany  it  toward  the  mouth  of  Coldwater  Canyon.  The 
change  in  direction  exhibited  by  the  numerous  folds  in  this  region 
suggests  that  the  Ivers  anticUne  may  be  continuous  with  the  Cold- 
water  antichne,  the  main  curvature  taking  place  at  some  point 
between  the  two  groups  of  wells,  probably  on  the  slope  toward  Cold- 
water  Canyon.  On  the  other  hand,  the  Ivers  anticline  may  be 
merely  a  local  crumple,  one  of  the  many  that  were  evidently  formed 
in  this  region. 

The  Ivers  wells  are  four  in  number,  the  oldest  having  been  drilled 
about  fifteen  years.  The  early  production  of  this  well  is  said  to  have 
been  about  20  barrels  per  day,  but  the  four  wells  together  at  the 
time  of  the  writer's  visit  were  not  producing  over  11  barrels.  It  may 
be  added,  however,  that  the  condition  of  the  wells  was  not  conducive 
to  their  maximum  possibilities,  for  they  are  cleaned  only  at  long  inter- 
vals. The  oil  is  black  and  is  said  to  vary  slightly  in  gravity  from 
well  to  well,  the  average  being  about  17°  B.  The  depth  of  the  wells 
is  reported  as  between  800  and  1,000  feet. 

Incidentally  it  was  learned  that  the  cost  of  production  for  the  four 
wells  in  1902  was  only  about  $3  per  day,  including  $2.50  wages  paid  a 
pumper.  Eleven  barrels  of  oil  per  day  at  50  cents  yielded  $5.50, 
indicating  a  profit  of  $2.50  per  day,  or  about  $75  per  month. 

Concerning  the  extension  of  the  productive  area  westward  along 
this  fold  there  is,  of  course,  a  question.  Seepages,  however,  are 
reported  for  its  entire  length,  or  well  down  the  slope  on  the  east  side 
of  Sespe  Canyon  above  Devilsgate. 

KENTUCK  WELLS. 

The  Kentuck  wells,  in  Sespe  Canyon,  just  above  the  mouth  of 
Little  Sespe  Creek,  are  unique  from  the  standpoint  of  their  struc- 
tural location,  for  they  lie  along  or  in  proximity  to  the  axis  of  a 
syncline,  which  is,  moreover,  one  of  the  most  prominent  in  the  fields 
north  of  Santa  Clara  River.  It  must  be  said,  however,  that  the 
region  is  one  of  exceedingly  sharp  compression,  and  it  may  be  due 
to  this  that  local  channels  and  reservoirs  conducive  to  the  accumu- 
lation of  oil  have  been  formed  under  what  might  ordinarily  be  con- 
strued as  unfavorable  structural  conditions.  Throughout  the  Coast 
Range  are  many  instances  of  oil  having  been  obtained  from  wells 
drilled  in  highly  crumpled  strata. 

The  syncline  in  which  the  Kentuck  wells  are  located  is  traceable 
eastward  through  the  summit  of  Oat  Mountain  and  across  Pole 
Canyon  to  Hopper  Canyon,  where  it  perhaps  unites  with  another 
syncline  of  northeasterly  trend,  the  curvature  marking  the  change 
in  direction  which  is  characteristic  of  all  the  successive  folds  encoun- 
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teied  from  north  to  south  along  this  gorge.  To  the  west  evidences 
of  the  syncline  are  to  be  found  ahnost  to  Devilsgate,  and  it  is  pos- 
sible that  in  this  direction  the  fold  is  continuous,  though  in  a  curved 
line,  with  that  occupying  the  ridge  between  Coldwater  and  Pine 
canyons.  The  pitch  of  the  axis  of  this  syncline  is  toward  the  east, 
the  strata  becoming  successively  higher  as  distance  in  this  direction 
is  gained.  This  fold  is  the  most  prominent  lying  between  the  main 
Topatopa  anticline  and  the  series  of-  folds  which  pass  across  the 
outer  hills  of  this  moimtain  mass. 

On  accoimt  of  the  unusual  structural  position  of  the  Ken  tuck  wells 
a  sketch  of  their  location  with  reference  to  the  axis  of  the  syncline 
is  given  in  fig.  6.  Although  they  are  identified  with  the  synclinal 
structure  it  might  be  said  that  those  on  either  side  of  the  axis  are 
on  the  corresponding  slope  of  the  adjacent  anticline,  and  perhaps 
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Fig.  t4 — Sketdi  map  showing  location  of  Kentuck  group  of  wells  in  syndlne  io  Sespe  red  beds.  Heavy 
dots,  productive  wells;  circles,  dry  wells.  Lines  indicate  oatcrops  around  syncline.  Figures  refer 
to  numbers  of  wells  or  to  dip  of  strata. 

this  is  the  true  way  in  which  to  regard  them.  Although  the  syn- 
cline is  a  prominent  fold,  it  is,  nevertheless,  like  the  adjacent  Ivers, 
Coldwater,  and  other  anticlines,  subordinate  to  the  great  anticline 
of  the  Topatopa  Range,  and  the  effect  of  the  local  structure  may  be 
lost  in  the  general  position  which  it  occupies  on  the  flanks  of  the  far 
broader  fold.  It  seems  to  the  writer  to  be  only  in  some  such  way 
as  this  that  the  presence  of  oil  here  and  elsewhere  along  the  axes  of 
minor  folds  and  even  faults  in  this  region  can  be  accounted  for. 
Incidentally,  it  is  worthy  of  note  that  along  portions  of  its  length 
this  syncline,  as  well  as  the  adjacent  folds,  is  so  compressed  that  the 
plane  of  its  axis  is  thrown  past  the  vertical,  the  strata  on  both  sides 
dipping  to  the  north.  In  the  immediate  vicinity  of  the  Kentuck 
wells,  however,  this  overthrow  has  not  taken  place. 
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The  horizons  from  which  the  Kentuck  wells  draw  their  oil  are 
about  midway  of  the  Sespe  formation.  The  logs  of  the  wells  show 
that  the  strata  penetrated  are  sandstone,  with  minor  layers  of  shale, 
all  of  a  reddish  color.  The  depth  of  the  weUs  varies  from  600  or 
700  feet  to  nearly  1,500  feet,  and  they  pass  through  several  zones 
that  furnish  oil  in  commercial  amoimts.  The  more  productive  body 
of  rock,  however,  is  encountered  in  the  lower  half  of  the  driU  holes. 
The  oil  is  of  a  dark  green  to  black  color,  and  its  gravity  is  said  to 
be  about  30°  B.  In  January,  1906,  only  seven  wells  of  this  group 
were  pumping,  four  on  the  Kentuck  property  and  three  on  the  Star. 
No.  4  Star  was  abandoned,  because  of  the  oil  giving  out  and  water 
coming  in. 

HAPPY    THOUGHT    WELLS. 

The  Happy  Thought  Oil  Company's  wells  are  located  in  the  SE.  } 
sec.  1,  T.  4  N.,  R.  20  W.,  on  the  south  side  of  Little  Sespe  Creek, 
immediately  east  of  its  confluence  with  the  main  stream.  The 
wells  are  drilled  in  the  steeply  dipping  beds  on  the  south  side  of  the 
syncline  from  which  the  Kentuck  wells  derive  their  oil.  In  the 
Happy  Thought  territory,  however,  this  syncline  plunges  rapidly 
toward  the  southeast,  so  that,  considered  from  one  point  of  view, 
the  wells  penetrate  strata  dipping  southeastward  from  a  hypothet- 
ical anticlinal  axis  somewhere  to  the  northwest,  possibly  the  Topa- 
topa  axis.  The  wells  start  just  below  the  brown  sandstone  at  the 
top  of  the  Sespe  red  beds,  the  oil,  it  is  said,  being  derived  from 
several  layers  of  soft  sandy  shale  between  harder  impervious  beds. 
On  account  of  the  steep  dip  of  the  rocks  and  their  alternating  hard 
and  soft  composition,  drilling  on  this  property  is  reported  to  be 
difficult. 

The  company  now  has  three  wells  down  and  is  drilling  a  fourth. 
The  wells  are  less  than  1,000  feet  in  depth,  the  oil  being  encountered 
at  about  500  feet.  The  production  is  good  at  the  start,  and  although 
falling  oflF  after  a  while,  soon  reaches  a  normal  rate  that  is  about 
the  average  of  the  other  wells  in  this  region.  The  oil  is  brown  and 
the  gravity  about  27^  B.  A  2-inch  pipe  line  connects  the  Happy 
Thought  property  with  storage  tanks  at  Brownstone,  3i  miles  dis- 
tant, whence  the  oil  is  shipped  by  rail  to  San  Francisco. 

FOOT-OP-THE-HILL  OR   LOS   ANGELES    WELLS. 

The  Foot-of-the-Hill  or  Los  Angeles  wells,  eight  in  mmiber,  are 
located  on  Little  Sespe  Creek  about  a  mile  above  its  entrance  into 
the  main  stream.  They  are  the  westernmost  wells  in  the  south- 
ward sweep  of  the  strata  after  their  passage  around  the  broad  east 
end  of  the  general  Topatopa  anticHne.  They  are  also  adjacent  to, 
yet  in  strata  not  involved  in,  the  zone  of  highly  crushed  rocks  that 
form  so  conspicuous  a  feature  at  the  confluence  of  Little  Sespe  and 
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Sespe  creeks.  They  are,  therefore,  to  be  compared  with  the  Four- 
fork  and  Tar  Creek  wells  rather  than  with  the  Kentuck,  Ivers,  and 
other  wells  farther  west.  Drilling  was  started  in  the  upper,  rusty- 
division  of  the  Sespe  formation,  but  the  source  of  the  oil  is  either  in 
the  lowermost  strata  of  this  division  or  in  the  uppermost  of  the  red 
beds.  The  wells  are  from  800  to  1,600  feet  in  depth,  and  their  oil- 
beftring  zones  constitute  the  fourth  general  horizon  at  which  oil  has 
been  f oimd  in  the  Sespe  formation.  Their  source  of  supply  is  below 
that  of  the  Fourfork  wells,  which  is,  therefore,  a  fifth  horizon  in  this 
great  series  of  red  beds  and  their  associated  strata. 

While  the  foregomg  statement  doubtless  covers  the  general  condi- 
tions of  the  occurrenci^  of  oil  in  this  vicinity,  the  fact  that  the  wells 
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Fio.  7.— Sketch  map  of  F  oot-of-the-Uill  oU  wells,  showing  location  with  relation  to  Little  Sespe  Creek 
ADd  the  geologic  fonnations.  Heavy  dots,  wells  productive  in  1902.  Broken  lines  indicate  outcrops 
around  nose  of  anticline.    Figures  are  numbers  of  wells  or  dip  of  strata. 

are  in  line  with  a  minor  anticlinal  flexure  which  appears  in  the  sum- 
mit of  the  ridge  to  the  east  must  be  kept  in  mind.  It  is  to  be  ob- 
served also  that  their  position  is  at  a  point  where  the  strike  of  the 
beds  changes  rather  abruptly  from  northerly  to  westerly;  they  are 
also  in  one  of  the  inner  concentric  belts  of  strata  which  are  involved 
in  the  general  Topatopa  anticline;  thus  it  may  be  that  the  conditions 
are  almost  analogous  to  those  of  an  anticUne.  In  conditions  some- 
what similar  to  this  many  productive  wells  of  the  Coast  Range  fields 
have  been  found. "  Fig.  7  is  illustrative  of  these  conditions.  The  rela- 
tive positions  of  the  wells  are  closely  approximated,  although  the  re- 
sults are  not  those  of  an  actual  survey. 
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At  the  time  of  the  writer's  visit  to  the  locality  in  1902  it  was  im- 
possible to  learn  the  precise  depth  of  the  several  wells  or  whether  the 
source  of  the  oil  was  the  same  in  all.  The  position  of  certain  wells 
on  strata  following  the  inner  curve,  and  of  others  on  higher  strata 
following  an  outer  curve,  taken  in  conjunction  with  the  actual  differ- 
ence in  elevation  of  about  300  feet,  would  indicate  that  possibly  the 
oil  zone  is  of  considerable  breadth  and  thickness. 


POUBFORK   WELLS. 


The  Fourfork  wells,  15  in  number,  are  located  along  one  of  the 
main  branches  of  Fourfork  Creek,  a  tributary  of  Little  Sespe  Creek. 
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PiQ.  8.— Sketch  map  showing  location  of  the  Fourfork  group  of  wells  on  Four .'ork  Creek  with  reiation 
to  the  base  of  the  upper  purple  beds.  Cirdes,  wells  productive  in  1902.  Figures  indicate  numbers 
of  wells  or  dip  of  strata. 

They  are  but  a  Httle  west  of  the  divide  between  this  stream  and  Tar 
Creek.  The  altitude  of  their  collars  varies  from  about  2,200  to  2,700 
feet  above  sea  level.  Their  depth  is  between  1,200  and  1,800  feet, 
in  rocks  which  strike  in  general  about  N.  60®  E.  and  dip  35°-45*^  SE. 
The  strike  is,  however,  but  a  part  of  the  broad  curve  which  is  assumed 
by  the  strata  in  their  passage  about  the  east  end  of  the  Topmtopa 
anticline.  Stratigraphy  and  structure  are  both  regular  in  the  vicinity 
of  the  wells,  a  complete  absence  of  the  minor  flexures  which  form  so 
common  a  feature  in  other  portions  of  the  adjacent  moimtains  being 
noteworthy.  It  will  be  recalled  that  the  succession  of  strata  in  this 
vicinity,  from  the  base  upward,  is  the  red  beds  and  rusty  beds,  both 
regarded  as  Sespe;  the  purple  shale,  gray  shale,  and  upper  purple  or 
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maroon  measures  (Vaqueros);  the  siliceous  shale  (Modelo),  and  the 
Modelo  sandstone.  The  wells  penetrate  the  lower  third  of  the  series, 
starting  at  horizons  in  or  near  the  top  of  the  lower  purple  shale  and 
reaching  perhaps  the  lower  part  of  the  rusty,  calcareous  sandstone 
which  constitutes  the  upper  division  of  the  Sespe  formation.  It 
may  be  even  that  the  upper  part  of  the  red  beds  is  reached,  red 
sand  having  been  encountered  in  the  bottom  of  some  of  the  holes. 
Fig.  8  indicates  the  general  disposition  of  these  wells.  Their  pro- 
duction has  been  comparatively  large,  200  barrels  a  day  being  the 
record  of  several  at  the  start.  Within  a  year,  however,  most  of 
them  decreased  to  about  60  barrels,  and  at  the  present  time  few 
yield  more  than  20  to  30  barrels  a  day  and  many  much  less.  The 
gravity  of  the  oil  is  about  32*^  B. — the  same  as  that  of  the  Tar  Greek 
wells. 

The  feature  of  especial  interest  in  regard  to  the  Fourfork  wells  is 
their  altitude,  coupled  with  the  fact  that  they  derive  their  oil  from 
the  same  general  zone,  although  from  a  somewhat  diflFerent  horizon, 
as  the  Tar  Creek  wells  to  the  east  and  those  of  the  Foot-of-the-Hill 
district  to  the  west.  This  indicates  an  imdulation  of  the  oil  table 
or  the  altitude  at  which  the  oil  stands  in  the  same  bed. 

TAR  CREEK   WELLS. 

The  Tar  Creek  wells  are  located  in  the  southwestern  portion  of  the 
Tar  Creek  amphitheater,  which  is  drained  by  several  tributaries  flowing 
directly  into  this  stream,  including  one  of  its  principal  branches 
known  as  Bear  Creek.  The  wells  number  between  20  and  30,  but 
are  now  mostly  abandoned,  their  yield  having  fallen  to  but  3  or  4 
barrels  a  day.  Originally  100  to  200  barrels  was  the  production. 
Like  the  wells  of  the  Fourfork  region,  these  also  are  distributed  along 
the  curve  of  the  strata  as  they  bend  about  the  axis  of  the  Topatopa 
anticline.  The  local  strike  varies,  however, /sUghtly  on  either  side 
of  N.  lO*"  E.,  and  the  dip  is  generally  between  26*'  and  30*'  SE.  The 
strata  penetrated  are  apparently  somewhat  higher  than  those  of  the 
Fourfork  region,  and  these  are,  therefore,  the  highest  wells  thus  far 
considered  in  the  Sespe  region.  One  at  least  starts  near  the  top  of 
the  gray  shale  about  midway  of  the  Vaqueros  formation;  the  others 
start  somewhat  lower;  a  few  wells,  the  shallowest  of  the  group,  start  at 
a  comparatively  short  distance  above  the  rusty  beds  of  the  upper 
division  of  the  Sespe  formation.  Oil  appears  to  be  obtained  at  depths 
between  230  and  1,700  feet  below  the  surface,  in  the  lower  portion 
of  the  Vaqueros  formation  or  the  rusty  beds  in  the  upper  portion  of 
the  Sespe.  There  is  evidence,  however,  that  many  oil-bearing  horizons 
were  passed  in  the  younger  beds  overlying  these  members.  The 
presence  of  oil  in  these  yoimger  beds  is  undoubtedly  due  to  the  occur- 
rence of  fine  sands  or  other  porous  materials,  which  are  distributed 
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through  the  series  and  which  form  the  reservoirs  for  the  collection  of 
oil  from  the  more  shaly  members.  The  logs  of  some  of  the  wells 
indicate  that  a  considerable  amoimt  of  sand  had  been  penetrated  by 
the  drill,  but  it  is  probable  that  the  strata  are  sandy  shale  of  fine 
grain  rather  than  distinct  sandstone.  Occasionally  red  sand  has 
been  reported  from  some  of  the  wells  at  depths  less  than  1,000  feet, 
but  it  is  probable  that  this  is  the  purple  or  reddish  shale  constituting 
the  lower  part  of  the  Vaqueros  formation. 

In  the  field  it  was  thought  that  a  slight  local  undulation  of  the 
beds  could  be  detected  in  their  broad  sweep  about  the  axis  of  the 
general  Topatopa  anticline.  A  like  occurrence  was  suspected  in 
the  Fourfork  district.  Slight  as  these  are,  they  should  not  be  disre- 
garded in  an  attempt  to  collect  facts  bearing  on  the  conditions  under 
which  the  oil  of  the  Coast  Range  is  found. 

The  yield  of  these  wells  is  very  irregular  and  the  accumulation  of 
oil  is  readily  pumped  oflf.  It  is  reported  by  the  man  in  charge  of  the 
wells  that  they  are  affected  by  rain,  the  yield  increasing  materially 
after  a  heavy  fall. 

POLE  CANYON. 
LOCATION. 

Pole  Canyon,  although  but  2  miles  from  Sespe  Creek,  lies  wholly  be- 
yond the  area  of  disturbed  rocks  that  are  so  well  developed  at  the 
entrance  to  the  gorge  of  the  Sespe.  Although  no  productive  wells 
have  yet  been  drilled  in  this  territory  it  is  deemed  advisable  to  include 
here  a  short  discussion  of  its  structure,  as  it  connects  two  productive 
areas  and  may  at  some  future  time  be  foimd  on  careful  prospecting  to 
be  itself  an  oil-producing  region. 

GEOLOGY   AND   STRUCTURE. 

PI.  II,  sec.  F-F',  is  illustrative  of  the  conditions  along  the  lines 
F-F'  of  the  general  map  (PI.  I)  which  are  practically  those  prevailing 
along  Pole  Canyon.  At  the  north  end  of  the  section,  on  the  eastern 
flank  of  Hopper  Mountain,  the  southern  and  western  edge  of  an 
extensive  outcrop  of  Modelo  sandstone  is  seen.  South  of  this  outcrop 
is  a  narrow  belt  of  Vaqueros  shale  which  is  locally  crumpled  into  an 
asymmetric  anticline.  South  of  the  Vaqueros  area  the  Modelo  forma- 
tion reappears,  turned  past  the  vertical  at  the  crest  of  the  ridge  east 
of  Pole  Canyon,  but  quickly  regaining  its  southerly  dip  in  the  slopes 
below.  At  the  lower  edge  of  the  outcrop  there  is  some  confusion  in 
the  succession  of  strata  and  in  the  dips  and  it  is  believed  that  a  slight 
displacement  has  taken  place  in  addition  to  an  overthrow.  The  over- 
throw is  best  observed  in  the  upper  Modelo  sandstone,  which  out- 
crops in  a  continuous  half  circle,  the  axis  of  the  fold  pitching  about 
45°  SE.     In  this  sandstone  also  is  well  shown  the  principal  syncline  of 
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the  region,  which  may  be  designated  the  Oat  Mountain  syncline,  its 
western  extremity  lying  in  that  moimtain.     Except  for  sharp  anti- 
clinal crumples  near  its  northern  and  southern  edges,  this  syncline  is 
comparatively  synmietrical,  the  outcropping  stratum  in  the  trough  of 
the  fold  being  the  uppennost  shale  of  the  Modelo  formation.     Imme- 
diately south  of  the  southern  anticlinal  crumple  is  a  second  fault, 
designated  the  Sulphur  Mountain  fault,  its  trend  being  N.  60^  W.,  the 
direction  of  its  hade  doubtful,  though  perhaps  to  the  south,  the 
downthrow  to  the  south,  and  the  maximum  displacement  probably 
more  than  1,000  feet.     This  fracture  is  traceable  diagonally  across 
Sulphur  Moimtain  to  the  bottom  of  the  Santa  Clara  Valley;  it  is  also 
in  direct  line  with  certain  sharp  crumples  in  ChaflFee  Canyon,  south  of 
the  valley,  to  which,  therefore,  it  may  be  structurally  related.     To  the 
west  the  fault  passes  into  the  ridge  running  south  from  Oat  Mountain, 
perhaps  continuing  to  Sespe  Canyon  and  merging  with  the  San  Caye- 
tano  fracture.     Over  this  portion  of  its  course,  however,  its  identifi- 
cation is  next  to  impossible,  for  the  strata  are  but  a  succession  of 
shales  which  maybe  either  Vaqueros,  Modelo,  or  both.    These  shales  are 
of  great  thickness  and  extend  southward  in  unbroken  outcrop  to  the 
Santa  Clara  Valley,  only  a  narrow  fringe  of  overlying  Pliocene  sepa- 
rating them  from  the  bottom  lands  for  a  mile  or  two  along  their  front. 
The  shales  display  a  number  of  minor  folds,  but  their  predominant  dip 
is  northward.    Just  before  passing  beneath  the  Pliocene,  however, 
this  seems  to  change  to  southward,  more  or  less  in  conformity  with 
that  of  the  younger  rocks.     Across  the  Santa  Clara  Valley,  but  at  a 
distance  of  nearly  2  miles,  the  probable  upper  members  of  the  Sespe 
and  lower  members  of  the  Vaqueros  appear,  but  the  intervening 
structure  is  imknown. 

In  a  broad  way  the  folds  along  the  section  just  described  appear  to 
divide  themselves  into  three  major  and  half  a  dozen  or  more  minor 
folds.  The  major  folds  include  the  anticlines  at  the  north  and  south 
ends  of  the  section  and  the  intervening  syncline;  the  minor  folds  the 
crumples  on  the  sides  of  the  syncline.  Of  the  major  folds  the  syncline 
extends  farthest  toward  the  area  of  confused  structm-e  at  the  mouth 
of  Sespe  Canyon,  perhaps  being  involved  in  it;  the  northern  anticline 
apparently  disappears  on  the  southeasterly  slope  of  the  general 
Topatopa  fold;  while  the  anticline  at  the  south  is  lost  beneath  the 
recent  deposits  of  the  Sespe  and  Santa  Clara  valleys. 

East  of  the  line  of  the  section  both  major  and  minor  folds  in  the 
main  continue  to  the  center  of  curvature  a  mile  west  of  Hopper  Can- 
yon, where  the  strata  bend  from  a  northwesterly  to  a  northeasterly 
trend.  Indeed,  the  folds  seem  in  places  to  bend  in  like  manner  or  at 
least  to  pass  into  others  of  northeasterly  trend,  similarly  developed 
farther  east. 
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HOPPER-PIRU  FIELDS. 
LOCATION. 

The  district  discussed  in  this  section  embraces  the  territory  con- 
tiguous to  Hopper  and  Nigger  canyons,  the  lower  portion  of  Pirn 
Creek,  and  its  tributaries  Modelo,  Blanchard,  Lime,  and  Reasoner 
canyons  on  the  west  and  Santa  Felicia  and  Holser  canyons  on  the  east. 
The  topography,  especially  about  Hopi>er  Canyon,  is  very  ru^ed, 
but  considerable  portions  of  the  district  are  accessible  over  the  roads 
which  follow  the  canyons.  Piru,  at  the  mouth  of  Piru  Creek,  is  the 
only  town  of  importance  in  the  district. 

STRUCTURE. 

WEST  OF  PERU   CREEK. 

Within  the  drainage  area  of  Hopper  Canyon  the  structure  varies  so 
abruptly  that  to  indicate  it  completely  would  require  cross  sections 
every  quarter  or  half  mile;  a  general  idea  of  it  may,  however,  be 
gained  by  the  examination  of  sec.  GMjK,  PL  IV,  which  represents  a 
north-south  section  through  Piru  Peak. 

The  Hopper  Canyon  section  proper  reveals  at  its  north  end  a  short, 
though  pronounced  anticline  of  northeasterly  trend,  with  a  narrow 
core  of  Vaqueros  beds  exposed  at  its  center  and  the  Modelo  sandstone 
arching  over  and  about  its  end  a  short  distance  to  the  east.  In  the 
Piru- Peak  section  this  anticline  is  probably  represented  by  the  slight 
pucker  near  the  north  end.  Near  the  middle  of  the  section  is  the 
sharply  compressed  Modelo  anticline,  showing  in  massive  beds  of  the 
lower  Modelo  sandstone.  Between  this  anticline  and  that  first  men- 
tioned are  several  sharp  puckers,  the  most  pronoimced  being  that  on 
the  syncline  which  passes  south  of  Piru  Peak.  For  this,  portion  of  the 
section  the  thickness  of  the  Modelo  sandstone  is  estimated  at  about 
3,000  feet. 

The  Modelo  anticline  is  one  of  the  most  conspicuous  of  the  secondary 
folds  in  the  field.  The  arch  shows  to  best  advantage  at  the  head  of 
Modelo  Canyon,  where  the  lower  Modelo  sandstone  on  either  side  is 
sharply  compressed.  The  dips  are  between  60*^  and  80*^,  but  the 
southern  limb  of  the  fold  is  perhaps  a  little  steeper  than  the  northern 
limb.  The  anticline  may  be  traced  westward  to  Hopper  Canyon, 
beyond  which  it  either  disappears  or  merges  with  one  or  another  of 
the  folds  that  occur  in  the  Vaqueros  shale.  Eastward  the  fold  is 
traceable  to  Piru  Creek,  where  it  seems  to  disappear,  unless  it  should 
by  a  sharp  curve  merge  with  the  Holser  anticline,  half  a  mile  to  the 
south.  In  the  lower  portion  of  Modelo  Canyon  the  upp)er  sandstone 
of  the  formation,  together  with  the  underlying  shale,  shows  marked 
crumpling,  the  crest  of  the  fold  being  carried  past  the  vertical.     The 
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succession  of  strata  on  the  two  sides  of  this  fold  does  not  appear  to 
be  exactly  the  same,  the  relative  proportion  of  sandstone  and  shale 
being  somewhat  at  variance.  This  probably  is  due  to  concealed 
faults  a  short  distance  south  of  the  axis. 

The  Modelo  anticline  is  the  seat  of  two  important  fields  of  oil. 
One  is  developed  close  to  and  on  either  side  of  the  axis  of  the  fold, 
along  the  upper  course  of  Modelo  Canyon  and  at  the  divide  between 
this  canyon  and  the  drainage  flowing  to  the  west;  the  other  is  devel- 
oped by  the  Sunset  wells  near  stream  level  in  Hopper  Canyon.  Other 
portions  of  the  anticline  are  as  yet  undeveloped,  but  there  is  no  evi- 
dence to  show  that  such  areas  do  not  contain  oil,  and  it  seems  probable 
that  search  by  the  drill  would  be  rewarded. 

South  of  the  Modelo  anticline  are  two  successive  synclines  separated 
by  a  fault.  These  appear  both  on  the  general  section  (PL  III)  and 
on  sec.  G-O'  (PI.  IV).  The  rocks  involved  are  the  lower  and  upper 
Modelo  sandstones  and  the  intermediate  and  overlying  shales,  The 
evidence  of  the  fault  lies  in  the  irregularity  of  outcrop  at  the  head  of 
the  south  fork  of  Modelo  Canyon,  in  the  succession  of  strata  in  Lyons 
Peak  and  farther  west,  and  in  the  fractured  condition  of  the  beds 
overlooking  Hopper  Canyon.  As  exposed  at  the  surface,  the  fault 
seems  to  be  confined  to  the  shale  between  the  two  Modelo  sandstones. 
It  is  diflBcult  to  estimate  the  amoxmt  of  throw  that  may  have  taken 
place,  but  it  is  at  least  500  feet  at  the  poin£  of  maximum  development 
and  perhaps  much  greater.  To  the  east  the  fractured  condition  of 
the  rocks  continues  for  at  least  half  the  length  of  Modelo  Canyon 
but  here  possibly  Che  fault  dies  out  on  the  southern  limb  of  an  exceed- 
ingly sharp  fold  that  appears  in  a  prominent  knoll  just  north  of  the 
gorge,  directly  in  line  with  the  axis  of  the  Modelo  anticline.  The 
effects  of  the  fold  doubtless  extend  as  far  east  as  Piru  Creek,  possibly 
beyond.  The  western  terminus  of  the  fault  is  uncertain.  South  of 
the  fault  the  upper  Modelo  sandstone  appears  to  have  been  folded 
into  a  sharp  syncline. 

Less  than  half  a  mile  south  of  the  syncline  just  mentioned  lies  the 
Lyons  anticline,  which  is  the  third  important  anticline  of  the  region 
and  which  crosses  the  lower  portion  of  Nigger  Canyon.  The  arch  is 
well  shown  in  the  divide  immediately  east  of  the  Lyons  wells  in  the 
upper  Modelo  sandstone  and  the  shales  inmiediately  above  and  below. 
The  shale  is  more  conspicuous  in  the  heart  of  the  anticline  to  the  west, 
while  the  sandstone  may  be  seen  on  the  slopes  toward  Piru  Valley, 
curving  about  the  xmderlying  bed.  The  trend  of  this  anticline  is 
approximately  N.  80*^  E.  from  Nigger  Canyon  eastward  and  S.  65^  W. 
from  half  a  mile  west  of  Nigger  Canyon  westward.  This  curve  con- 
forms to  that  of  the  other  folds  both  to  the  north  and  to  the  south. 
To  the  east  the  Lyons  anticline  was  not  recognized  with  certainty 
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beyond  Piru  Creek.  Its  trend  is  toward  the  Holser  anticline,  south 
of  the  Holser  Canyon,  but  whether  the  Lyons  or  the  Modelo  anticline 
is  continuous  with  the  Holser  is  undetermined.  In  general,  there  is 
great  confusion  of  strikes  and  dips  in  the  slopes  of  the  hills  west  of 
Piru  Creek  for  the  lower  2  or  3  miles  of  the  valley,  and  without  fur- 
ther details  it  is  impossible  to  affirm  whether  or  not  any  of  the  folds 
are  continuous  with  other  folds  that  appear  to  the  east  of  the  stream. 
In  the  Hopper  Canyon  section  the  Lyons  anticline  shows  conspicu- 
ously in  the  middle  Modelo  shale.  It  is  probable  also  that  a  fault 
has  developed  along  the  axis  of  the  fold  in  this  locaUty,  the  beds  to 
the  south  having  been  carried  downward  several  hundred  feet.  The 
maximum  displacement  appears  to  be  along  the  east-west  lateral  enter- 
ing Hopper  Canyon  from  the  east  half  a  mile  above  its  mouth.  The 
fractiu^e  seems  to  have  resulted  from  the  excessive  local  development 
of  the  anticline  into  an  overturned  or  reversed  fold.  The  attendant 
displacement  accounts  for  the  discrepancy  in  the  distances  of  the 
Modelo  sandstone  from  the  apparent  axis  of  the  fold  on  one  side  and 
the  other,  in  the  line  of  the  Hopper  Canyon  section.  West  of  Hopper 
Canyon  the  fault  is  marked  by  a  zone  of  highly  contorted  and  frac- 
tured strata,  having  a  width  of  about  400  feet.  The  direction 
assumed  by  the  fault  would  carry  it  directly  against  the  Sulphur 
Mountain  fractiu^e  a  mile  farther  west  at  an  angle  of  60^. 

A  short  distance  south  of  the  Lyons  anticline  the  Modelo  formation 
is  imconformably  succeeded  by  heavy  conglomerates  and  sandstones 
of  the  Fernando  formation.  Near  the  contact  east  of  Hopper  Canyon 
the  dip  of  the  younger  strata  is  southward.  East  of  Nigger  Canyon, 
however,  the  Fernando  beds  are  overturned,  with  a  steep  northerly 
dip,  but  this  probably  changes  to  southerly  as  the  beds  pass  beneath 
the  Santa  Clara  Valley.  From  this  point  the  Une  of  unconformity 
between  the  Fernando  and  Modelo  formations  passes,  with  a  curvi- 
linear trend,  northward  above  the  mouth  of  Holser  Canyon,  remaining 
east  of  Piru  Creek. 

At  the  line  of  the  general  section  (2i-Z',  PI.  IH)  the  Fernando 
formation  is  narrow  of  outcrop  and  highly  inclined,  but  otherwise 
simple  of  structure.  A  short  distance  to  the  east,  however,  it  is  folded^ 
and  the  folds  become  more  pronounced  and  extensive  across  PiruCneek, 
developing  into  an  anticline  of  considerable  proportions,  with  sevend 
minor  crumples  near  by  on  either  side. 

The  Fernando  and  underlying  beds  pass  beneath  the  Santa  Clara 
Valley,  but  although  the  distance  across  the  valley  is  less  than  2  miles 
the  Modelo  formation  has  apparently  disappeared  on  the  south  side, 
the  principal  formation  in  the  hills  being  the  Vaqueros,  with  Fernando 
rocks  here  and  there  resting  against  it  above  the  valley  level.  This 
occurrence  suggests  possible  faulting  along  the  valley,  with  overlap  of 
the  Fernando  on  the  older  Miocene  beds. 
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The  fold  next  north  of  the  Modelo  anticUne  is  the  syncHne  that 
passes  south  of  Piru  Peak.  It  may  be  seen  both  on  the  west  side  of 
the  divide  and  east  of  the  peak  in  the  upper  portions  of  Blanchard 
Canyon.  The  crumpling  is  slight  and  the  dip  on  either  side  of  the 
axis  comparatively  gentle. 

North  of  this  syncline  is  another  anticline  of  importance,  the  axis 
of  which  passes  east  and  west  across  Lime  Canyon.  The  heart  of  this 
fold  is  occupied  by  the  lower  Modelo  sandstone,  which  is  here  exposed 
over  an  area  of  3  or  4  square  miles.  It  is  surrounded  by  the  overlying 
shale,  which  in  the  divide  north  from  Piru  Peak  forms  scarcely  more 
than  a  thin  film.  To  the  east  across  Piru  Creek  the  shale  is  succeeded 
by  the  upper  Modelo  sandstone,  and  this  in  tiun  by  the  still  higher 
siliceous  shale  at  the  top  of  the  Modelo;  finally  the  heavy  mass  of  the 
Fernando  sediments  sets  in,  arching  about  and  over  the  eastward- 
pitching  axis  of  the  fold. 

The  northernmost  fold  along  this  section  within  the  Camulos  quad- 
rangle, with  the  exception  of  one  or  two  minor  crumplesj  is  the  Rea- 
soner  syncline,  the  axis  of  which  occupies  Reasoner  Canyon.  This 
flexure  disappears,  however,  in  the  divide  at  the  head  of  the  creek, 
where  the  heavy  lower  Modelo  sandstone  lies  in  a  broad  arch  about  the 
axis  of  the  Topatopa  anticline.  To  the  east  the  syncline  continues  for 
an  undetermined  distance  beyond  Piru  Creek,  being  conspicuous  in 
the  Fernando  conglomerate  and  sandstone  in  the  hills  between  Santa 
Felicia  and  Devil  canyons.  Both  slopes  of  the  syncline  are  gentle, 
the  dip  generally  being  less  than  40*^;  but  there  are  areas  in  which  this 
is  somewhat  increased  by  local  crumpling. 

The  northernmost  of  the  folds  described  in  the  preceding  para- 
graphs and  others  beyond  the  confines  of  the  Camulos  quadrangle  all 
fade  into  or  are  developed  as  minor  crumples  on  the  general  easterly 
slope  of  the  main  Topatopa  anticline. 

Within  the  region  here  described  the  three  prominent  anticlines,  the 
Hopper,  the  Modelo,  and  the  Lyons,  have  proved  oil  bearing,  the 
Modelo  being  the  most  productive,  perhaps  on  account  of  its  greatest 
development;  the  Lyons  less  so,  and  the  Hopper  the  least.  On  the 
Hopper  fold,  however,,  there  is  at  the  present  time  but  a  single  well  of 
low  yield. 

8TRUCTUKB   BAST  OF  PIRU  CREEK. 

The  region  east  of  Piru  Creek  presents  a  number  of  approximately 
east-west  folds,  some  of  which,  particularly  the  more  northerly,  are 
continuations  of  those  lying  west  of  the  stream  already  described, 
while  others  farther  south  are  apparently  restricted  almost  wholly  to 
the  area  east  of  Piru  Creek,  only  their  extreme  points  extending  west- 
ward across  the  stream.  Of  the  latter,  the  Holser  anticline  is  the  most 
conspicuous.    The  axis  of  this  fold  lies  in  the  hills  a  Httle  south  of 
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Holser  Canyon.  Its  trend  is  slightly  north  of  west.  It  extends  west- 
ward across  the  Piru  Valley,  perhaps  connecting  with  the  Modelo  or 
the  Lyons  anticline,  or  with  both.  To  the  east  it  was  recognized  in  the 
high  knoll  near  the  Ventura-Los  Angeles  county  line,  beyond  which 
observations  in  detail  were  not  carried.  The  surficial  formation 
affected  by  this  anticline  is  the  Fernando,  consisting  of  conglomerate, 
sandstone,  and  clay.  Along  its  axis  the  coarser  strata  have  at  various 
places  been  impregnated  with  petroleum,  and  near  one  of  these,  in 
Ramona  Canyon,  the  Rtunona  Oil  Company  is  drilling  a  well,  the  depth 
at  the  time  of  the  writer's  visit  being  about  1,000  feet,  but  only  the 
slightest  traces  of  oil  have  been  found.  North  of  Holser  Canyon  is 
an  abandoned  dry  well,  known  as  the  Crown  King. 

Between  the  Holser  and  Lime  Canyon  anticlijies  there  is  undoubt- 
edly a  syncUne,  but  the  details  were  not  worked  out  for  the  r^on  east 
of  Piru  Creek.  To  the  south  the  Holser  anticline  occupies  the 
space  quite  to  the  Santa  Clara  Valley,  but  on  this  limb  of  the  fold 
(see  PI.  rV,  sec.  I-IO,  on  the  southern  face  of  the  outer  ridge,  a  short 
distance  below  its  crest,  is  developed  a  sharp  pucker,  by  which  the 
beds  in  the  lower  half  of  the  ridge  are  turned  past  the  vertical,  hiving 
a  northerly  dip.  ' 

OIL  WELLS. 

The  oil  wells  of  the  Hopper-Piru  district  comprise  the  San  Cayetano, 
Sxmset,  Fortuna,  Nigger  Canyon,  Modelo  Canyon,  Piru  Oil  and  Land 
Company,  and  Holser  Canyon  wells.  All  but  the  last  two  groups  are 
situated  west  of  Piru  Creek. 

8AN  CAYETANO   WELLS. 

The  San  Cayetano  wells,  three  in  number,  lie  near  the  forks  of  Hop- 
per Canyon  about  3  J  miles  in  a  direct  line  above  its  mouth  and  con- 
stitute the  uppermost  development  in  this  gorge.  They  are  drilled  in 
the  upper  portion  of  the  Vaqueros  shale,  the  northernmost  well  start- 
ing but  a  short  distance  below  the  lower  Modelo  sandstone.  The 
maximum  depth  is  600  feet.  In  one  or  another  of  them,  however,  oil 
has  been  found  almost  from  the  grass  roots  down  in  streaks  of  sand- 
stone of  variable  thickness  that  are  interbedded  in  the  shale.  With 
the  oil  has  been  found  considerable  water  and  gas.  These  weUs  he  in 
a  region  of  great  distiu'bance,  which  is  attributable,  perhaps,  to  the 
proximity  of  an  anticlinal  axis,  in  the  first  place,  and  to  a  sharp  bend 
in  the  strata  from  a  northwesterly  to  a  northeasterly  direction  in  the 
second  place.  This  latter  feature  is  repeated  at  the  Sunset  and  For- 
tuna wells  farther  down  the  canyon.  It  may  be  reasonable  to  infer 
that  while  each  of  these  three  oil-bearing  locaUties  is  that  of  an  anti- 
cline, the  curvature  of  the  strata  as  a  feature  in  the  great  Topatopa 
system  of  folds  may  also  have  acted  favorably  on  the  yield  of  petro- 
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leum  in  this  region,  the  center  of  curvature  in  this  case  being  construed 
as  a  part  of  the  axis  of  an  anticline.  Such  an  occurrence  has  been 
encountered  at  a  number  of  points  in  the  oil  fields  of  the  Coast  Range. 

The  anticline  on  which  the  San  Cayetano  wells  are  located  has  a 
northeasterly  trend  from  a  point  a  Uttle  southwest  of  the  wells  to  the 
divide  between  Hopper  and  Reasoner  canyons.  The  length  of  the 
fold  is,  therefore,  about  2  miles.  Except  for  these  wells  the  anticline 
is  unprospected,  but  there  is  no  reason  for  the  choice  of  one  location 
over  another.  As  the  territory  develops  it  will  be  interesting  to  note 
the  success  of  drilling  to  the  northeast  of  the  present  field.  That  the 
anticlines  of  this  region  may  yield  oil  in  more  than  one  locality  is  evi- 
denced by  the  Model  o  anticline,  which  carries  the  very  productive 
territory  of  the  Modelo  wells  and  also  that  of  the  Sunset  Oil  Company. 

The  yield  of  the  San  Cayetano  wells  is  but  4  or  5  barrels  of  14°  grav- 
ity oil,  bi^t  it  is  thought  that  this  will  increase  as  drilling  is  carried 
deeper. 

SUNSET  WBLM. 

The  Sunset  wells,  11  in  all,  are  located  on  the  east  side  of  Hopper 
Canyon,  a  short  distance  above  the  entrance  of  a  lateral  gorge  that 
heads  against  Modelo  Canyon.  They  penetrate  the  Modelo  sand- 
stone, which  occurs  also  in  the  wells  of  the  Modelo  Oil  Company  to 
the  east.  The  dip  of  the  beds  is  about  45°  N. — that  is,  the  wells 
have  been  drilled  on  the  northern  flank  of  an  anticline  the  axis  of 
which  has  a  general  N.  80°  W.  strike.  Apparently  the  anticline  is 
the  same  as  the  Modelo,  although  the  connection  between  the  two 
has  not  been  traced.  The  area  covered  by  the  Sunset  wells  is  some- 
what less  than  a  half  mile  east  and  west  by  500  to  600  feer  north 
and  south. 

The  depth  of  the  wells  is  generally  less  than  600  feet.  The  pro- 
duction is  between  3  and  15  barrels  per  day,  with  a  variable  and  in 
several  wells  excessive  amount  of  water.  It  is  thought  that  the 
production  might  be  considerably  increased  by  cleaning  the  wells. 
The  oil  is  run  into  a  common  tank,  and  the  gravity  there  obtained 
by  the  writer  was  16.4°  B.  An  initial  yield  as  great  as  75  barrels 
was  obtained  from  certain  of  the  wells  several  years  ago.  In  Janu- 
ary^  1906,  only  five  of  the  wells  were  being  pumped. 

The  Sunset  wells  afford  another  case  of  production  in  a  region  of 
highly  crumpled  strata  and  a  rapid  succession  of  flexures. 

PORTUNA    WELLS. 

The  wells  of  the  Buckhom  Oil  and  Transportation  Company  are, 
perhaps,  best  designated  by  their  early  name,  Fortuna.     The  terri- 
tory is  the  farthest  south  of  the  productive  areas  in  Hopper  Canyon, 
hnng  about  2  miles  north  of  the  town  of  Buckhorn. 
Bull.  3(»-07 6 
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This  also  is  a  group  of  wells  that  has  been  developed  along  the 
axis  of  one  of  the  minor  anticlines.  (See  PL  VIII,  B,)  The  fold 
has  an  apparent  length  of  barely  1  mile,  and  it  is  in  the  midst  of  a 
series  of  closely  spaced  flexures.  The  strike  of  the  anticlinal  axis  is  N. 
50^  E.,  and  the  wells  are  distributed  along  the  axis  in  almost  a 
direct  line.  Fourteen  holes  have  been  drilled  to  a  maximum  depth 
of  about  1,000  feet.  The  rocks  {>enetrated  are  the  siliceous  and 
earthy  shales  that  lie  between  the  lower  and  upper  Modelo  sand- 
stones. In  one  or  two  instances,  however,  the  lower  portion  of  the 
upper  sandstone,  which  consists  of  alternating  thin  sandstone  and 
shale  beds,  has  been  perforated.  This  horizon  is  the  highest  that  is 
productive  in  the  Hopper  Canyon  district.  The  Sunset  wells  draw 
from  strata  near  the  base  of  the  Modelo  formation,  while  the  San 
Cayetano  wells  receive  their  supply  from  the  upper  members  of  the 


2.3.9.6.0-dry  holes 

v 

/ 

'          / 

A 

c 

\ 

7 

\ 

/  i   •*              1 

V 

f>>.-«^  .• 

> 

<^x» 

1 

v^ 

1 

; 

1 

75/)V/ 

/      ,.0 
OB 

\  i 

/     4 

n 

/      • 

1  y 

sY^'^ 

^0 

y    • 

/ 

Scale 

/ 

p 

0       200     4po<«ei 

Fio.  9.— Sketch  map  showing  location  of  Fortuna  wells  with  relation  to  the  anticlinal  axis.  H(!*t> 
dots,  productive  wells;  small  circles,  abandoned  wells.  Figures  indicate  numbers  of  wells.  (See 
PI.  Vlll.  B.) 

Vaqueros  formation,  which  in  turn  are  higher  than  any  of  the  pro- 
ductive horizons*  in  the  Tar  Creek  and  other  districts  already 
considered. 

The  maximum  yield  of  any  one  of  the  Fortima  wells  as  reported 
is  75  barrels  per  day,  but  it  is  now  generally  less  than  10  barrels. 
The  gravity  of  the  oil  is  about  14°  B.  Much  water  is  pumped  with 
the  oil,  being  separated  in  tanks  at  the  wells.  The  oil  is  pumped  to 
storage  tanks  on  the  line  of  railway  about  2  miles  distant. 

The  accompanying  sketch  (fig.  9)  illustrates  the  general  distribu- 
tion of  the  wells  with  respect  to  Hopper  Creek  and  the  axis  of  the 
anticline. 
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NIGOER  CANYON   WELLS. 


The  three  wells  in  Nigger  Canyon  are  owned  by  L.  H.  Lyon,  of 
Los  Angeles.  They  are  located  at  the  head  of  the  southern  of  the 
two  east  forks  of  the  canyon  and  start  in  strata  which  are  close  to 
the  line  of  division  between  the  upper  Modelo  sandstone  and  the 
underlying  shale — that  is,  they  penetrate  a  zone  which  is  practically 
the  same  as  that  from  which  the  Fortuna  wells  obtain  their  oil. 
Their  depth  is  approximately  1,000  feet.  Oil  springs  occur  in  the 
immediate  vicinity  and  may  have  determined  the  selection  of  this 
territory  for  drilling.  The  wells  are  close  to  the  axis  of  a  prominent 
anticline,  which  is  perhaps  one  of  the  leading  secondary  folds  north 
of  Santa  Clara  River.  This  fold  has  an  apparent  length  of  about 
5  miles,  but  no  wells  except  these  have  been  drilled  upon  it.  Its 
trend  in  general  is  about  N.  80^  E.,  but  varies  somewhat  from  point 
to  point.  Toward  the  east,  in  the  direction  of  Piru  Valley,  this  fold 
has  the  appearance  of  passing  into  the  Modelo  anticline  or  one  of  its 
minor  crumples.  To  the  west  it  is  traceable  beyond  Hopper  Can- 
yon, where  it  becomes  more  or  less  obscure  in  the  great  body  of 
shale  which  separates  the  two  principal  Modelo  sandstones  and 
where  it  comes  into  close  proximity  with  one  of  the  important 
northwest-southeast  folds  that  extend  from  this  point  westward  to 
Sespe  Canyon.  Of  the  Nigger  Canyon  wells,  Nos.  1  and  3  are  a 
short  distance  south  and  No.  2  is  immediately  north  of  the  axis  of 
the  anticline,  which  at  this  point  trends  N.  83*^  W.  These  wells  are 
from  a  year  to  three  and  a  half  years  old.  Nos.  1  and  3  yield  each 
5  to  8  barrels  per  day,  but  No.  2  was  flooded  with  water,  which  has 
prevented  its  being  in  service.  It  is  reported  that  in  No.  3,  at  a 
depth  of  65  feet,  a  body  of  asphalt  was  encountered,  which  drilled 
with  diflBculty.  It  was  hard  at  the  top  and  of  the  consistency  of 
maltha  at  the  bottom,  and  is  supposed  to  have  filled  a  fissure  in  the 
shale.  The  oil  was  found  at  intervals  from  a  depth  of  10  feet  to 
the  bottom  of  the  wells.  Gas  occurs  in  small  amounts,  and  water  to 
the  extent  of  about  one-third  of  the  oil  has  been  encountered. 


MODELO   CANYON    WELLS. 


The  structural  featiu'e  of  chief  interest  in  Modelo  Canyon  is  an  anti- 
cline in  which  the  lower  Modelo  sandstone  is  sharply  folded  as  dia- 
granMnatically  represented  in  PI.  Ill,  sec.  X-Z'  and  PI.  FV,  sec.  G-G'. 
The  general  aspect  of  the  locality  is  shown  in  PL  VIII,  A,  A  second 
feature  of  minor  importance  is  the  succession  of  crushed  folds,  with 
faults,  at  the  head  of  the  south  fork  of  the  canyon,  one-fourth  to 
one-half  mile  south  of  the  anticline. 

The  Modelo  anticline  has  already  been  referred  to,  notably  in  the 
general  description  of  the  geology  of  the  region  between  Hopper  and 
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Piru  creeks.  Nowhere,  however,  is  the  fold  more  perfectly  and  sym- 
metrically developed  than  at  the  head  of  Modelo  Canyon,  nor  is  the 
lower  Modelo  sandstone  anywhere  more  typically  represented  than  in 
this  region.  The  exact  horizon  of  the  sandstone  that  outcrops  at  the 
divide  between  the  east  and  west  drainage  is  probably  in  the  lower 
half  of  the  sandstone  member,  but  owing  to  the  steepness  of  the  dip  on 
both  limbs  of  the  anticline,  amounting  to  70°  or  80°,  it  is  questionable 
if  the  wells  have  penetrated  to  the  base  of  the  formation,  although  a 
depth  of  1,500  feet  has  been  attained. 

The  length  of  the  Modelo  anticline  is  somewhat  uncertain;  to  the 
west,  beyond  Hopper  Canyon,  it  may  pass  into  one  of  the  folds  of  that 
region,  while  to  the  east  it  may  prove  to  be  continuous  with  the  anti- 
cline that  Ues  immediately  south  of  Holser  Canyon.  The  Modelo 
wells  are  located  about  the  middle  of  this  fold  and  on  either  side  of  its 
axis.  This  is  one  of  the  few  instances  in  the  Coast  Range  where  oil 
wells  have  been  developed  midway  of  a  fold  or  in  such  close  proximity 
to  its  axis.  It  may  be  worthy  of  note  that  the  Modelo  anticline  lies 
but  a  short  distance  north  of  a  line  of  sharp  crushing  and  folding,  thus 
repeating  a  relationship  between  the  productive  anticlines  and  faults 
that  has  been  established  in  several  of  the  California  fields,  notably 
those  of  the  Puente  Hills.  The  developed  area  of  this  district  is  thus 
far  confined  to  the  lower  Modelo  sandstone,  but  the  structure  is  con- 
tinued eastward  into  the  overlying  shale  and  the  upper  sandstone. 

The  relative  positions  of  the  wells  along  this  anticlinal  fold  in 
Modelo  Canyon,  considered  with  the  depths  at  which  oil  is  obtained, 
are  of  interest;  for  instance,  between  the  lowest  and  the  highest  well 
there  is  a  difference  in  altitude  of  nearly  800  feet;  between  well  No. 
18,  the  lowest,  and  No.  19,  at  an  elevation  sUghtly  below  the  highest 
well,  there  is  a  distance  of  perhaps  700  feet;  in  No.  18,  with  a  depth  of 
1,090  feet,  the  lowest  oil  occurred  at  930  feet;  in  No.  19  the  lowest  oil 
was  found  at  805  feet,  at  the  bottom  of  the  well.  This  would  indicate 
a  curve  of  the  oil  table,  which  corresponds  somewhat  with  the  slope 
of  the  present  surface  along  the  anticline. 

The  general  trend  of  the  axis  of  the  Modelo  anticline  is  but  3°  or  4^ 
north  of  west,  although  in  approaching  Hopper  Canyon  and  the  val- 
ley of  Piru  Creek  the  direction  becomes  N.  80°  W. 

The  wells  of  the  Modelo  Oil  Company  number  24.  One  is  drilled 
directly  in  the  divide  between  Modelo  and  Hopper  canyons,  two  a 
short  distance  west  of  this  divide,  and  the  remainder  east  of  the  divide 
for  half  a  mile  down  Modelo  Canyon.  The  accompanying  three  logs 
from  the  records  of  the  company  have  been  selected  to  show  the  com- 
position of  the  Modelo  sandstone.  Well  No.  14  lies  near  the  middle 
of  the  group,  No.  24  is  about  500  feet  west  of  the  divide,  and  No.  18 
is  the  easternmost  well  in  the  proved  area. 
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Logs  o/v^ils  of  the  Modelo  Oil  Company,  Modelo  Canyon  and  licinity. 
WELL  NO.  14. 


White  sand.. 
Oil  sand  (oil) 
White  sand.. 
Oil  sand  (oil) 
White  sand.. 
OU  sand  (oil) 
White  sand.. 
OU  sand  (oil) 
Water  sand . . 
OU  sand  (oil) 
Water  sand . . 


Thick- 


I 


Depth. 


Feet. 

Feet. 

190 

190 

210 

400 

60 

460 

70 

530 

70 

600 

35 

635 

75 

710 

70 

780 

40 

820 

50 

870 

10 

880 

WELL  NO.  24. 


Sand  rock 

Adobe 

Clay 

White  sand 

Adobe 

Sand  rock 

White  sand 

Sand  and  adobe 

Adobe 

OUaand 

Water  sand 

Sand  and  adobe 

OU8and(oU) 

Sand  rock 

Sand  and  bowlders. 

Hard  sand 

Water  sand 

White  sand 

OU  sand  (oil) 

Hard  sand 

Sand  and  adobe 

OUsand  (oil) 


WELL  NO.  18. 


Blue  sand 

Gray  sand  (oil  at  160  feet) I 

Black  shale 

White  sand t 

Black  shale 

White  sand  (water  at  290  feet) 

Black  shale  (water  at  316  feet) ' 

White  sand I 

aay I 

White  sand  (gas  and  water  at  495  feet) 

Clay 

White  sand  (oU  at  870  feet) | 

Gray  sand 

ShaJe  and  sand  (oU  at  923  feet) 

Asphaltic  sand t 

Gray  sand 

Water  sand  (oU  at  1,030  feet) ' 

Clay ' 

Water  sand ' 


115 

115 

5 

120 

25 

145 

10 

155 

15 

170 

10 

180 

315 

495 

45 

540 

5 

545 

50 

596 

25 

620 

70 

695 

10 

705 

50 

755 

120 

876 

20 

896 

60 

956 

15 

970 

42 

1,012 

23 

1.035 

75 

1,110 

35 

1,146 

121 

121 

39 

160 

25 

185 

45 

220 

30 

250 

45 

295 

35 

330 

50 

380 

28 

408 

132 

540 

20 

660 

310 

870 

35 

905 

2.5 

930 

5 

935 

65 

1,000 

30 

1,030 

43 

1.073 

17 

1,090 

The  figures  in  the  first  column  of  the  above  log  represent  the  dis- 
tances for  which  each  individual  stratum  w^as  encountered.  As  the 
dip  of  the  beds  is  between  65*^  and  80^,  these  amounts  are  far  in  excess 
of  the  actual  thickness  of  the  respective  beds. 

From  the  log  of  well  No.  18  it  seems  probable  that  the  thickness  of 
the  productive  sands  at  the  several  horizons  is  sUght. 
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The  logs  axe  given  in  the  vernacular  of  the  driller.  It  is  probable 
however,  that  adobe  and  clay  are  one  and  the  same,  except  that  the 
former  is  perhaps  somewhat  more  tenacious  than  the  latter.  Shale  is 
distinguished  from  clay  by  being  less  sticky  and  more  inclined  to 
come  up  in  minute  slivers.  The  sands  are  distinguished  by  colors, 
but  this  featiu'e  is  not  significant.  The  water  sands  are  those  in 
which  water  has  been  encountered  in  drilling,  and  it  is  to  be  observed 
that  they  are  in  alternation  with  the  oil  sands,  the  two  being  in  places 
adjacent;  in  places  separated  by  a  clay  parting.  Mr.  Sperry,  man- 
ager of  the  Modelo  Oil  Company,  beheves  that  at  least  a  thin  stratum 
of  shale  between  such  sands  is  the  rule.  It  is  difficult  to  explain  the 
alternation  of  water  and  oil  sands  if  consideration  is  given  to  the  sup- 
posed transmigration  of  the  oil  from  its  seat  of  origin  in  the  shales  into 
the  sandstones,  which  serve  as  reservoirs.  It  has  been  suggested  that 
this  alternating  occurrence  may  be  accounted  for  by  considering  each 
pair  of  layers — the  oil  above  and  the  water  below — as  occupying  an 
isolated  channel  or  reservoir,  the  segregation  having  taken  place  after 
their  entrance  into  the  containing  strata  on  account  of  the  difference 
in  specific  gravity  of  the  two  fluids.  Nearly  all  the  wells  periodically 
pump  more  or  less  water  with  the  oil,  at  times  in  the  proportion  of  3 
barrels  of  water  to  1  barrel  of  oil,  at  other  times  in  equal  amoimt. 
The  continuity  of  sands  bearing  water  and  oil  need  not  be  regarded  as 
indicating  that  the  two  are  mixed  in  their  natural  occurrence,  but 
only  that  both  flow  into  the  well  from  the  same  bed,  the  oil  perhaps 
resting  upon  the  water  in  the  reservoir. 

The  bowlders  referred  to  in  the  log  of  well  No.  24,  between  the 
depths  of  755  and  875  feet,  are  unquestionably  the  concretions  that 
characterize  the  lower  Modelo  sandstone. 

The  yield  of  the  Modelo  wells  is  between  5  and  15  barrels  per  day, 
and  Mr.  Sperry  states  that  since  1897  there  has  been  no  perceptible 
decrease  in  the  amount.  Of  course  for  the  first  few  days  the  yield 
was  considerably  in  excess  of  these  figures.  The  oil  is  black  and 
its  gravity  ranges  between  25*^  and  32°  B.,  with  perhaps  28°  as  an 
average.  The  wide  variation  in  gravity  of  the  oil  from  these  wells  is 
a  feature  that  is  difficult  to  explain. 

Strong  seepages  are  found  along  the  canyon  in  the  debris  that  fills 
the  bottom.  The  sandstone  in  the  arch  of  the  anticline  also  is  dark, 
with  bitumen  contents,  especially  on  the  northern  side  of  the  axis. 

WELLS  OF  THE  PIRU  OIL  AND  LAND  COMPANY. 

The  productive  wells  of  the  Piru  Oil  and  Land  Company  are  located 
in  the  valley  of  Piru  Creek,  about  2  mUes  northeast  of  Piru.  At  pres- 
ent two  wells  yield  oil  and  one  water.  They  penetrate  conglomerate 
and  sandstone,  with  some  clay,  which  are  believed  from  their  fossils 
to  be  the  Fernando  formation.     The  general  dip  of  the  strata  is  from 
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45°  to  60°  or  70°  S.  and  the  strike  varies  slightly  on  either  side  of  east 
and  west.  The  particular  horizon  in  the  Fernando  is  somewhat 
uncertain,  by  reason  of  the  proximity  of  the  wells  to  what  appears 
to  be  a  line  of  unconformity  between  this  formation  and  the  older 
Modelo  beds.  It  is,  however,  undoubtedly  well  up  in  the  Fernando, 
if  the  section  across  the  hills  in  front  of  the  wells  and  directly  north 
of  Camulos  is  to  be  taken  as  a  criterion. 

The  structural  position  of  the  wells  is  also  somewhat  in  doubt,  for 
no  anticline  is  encountered  along  the  creek  for  the  distance  of  a  mile. 
On  the  other  hand,  there  is  within  half  a  mile  south  of  the  wells  a 
marked  east-west  disturbance,  which  has  at  one  point  the  appear- 
ance of  a  syncline,  at  another  of  an  overturn  of  the  beds  adjacent  to 
a  sharp  crumple,  and  at  still  another  of  a  fault.  About  half  a  mile 
laorthwest  of  the  wells'^is  the  anticline,  near  the  axis  of  which  the 
Nigger  Canyon  wells  are  situated.  It  is  possible  that  the  effect  of 
this  anticline  extends  as  far  distant  from  its  axis  as  this  group  of  wells. 
They  are  from  300  to  600  feet  deep,  and  undoubtedly  their  oil  is 
derived  from  the  conglomerate  and  sandstone  of  the  Fernando,  a 
horizon  higher  than  any  other  yielding  oil  north  of  Santa  Clara  River. 

The  production  of  these  wells  is  but  a  barrel  or  two  daily  of  what 
is  said  to  be  15°  gravity  oil.  The  oil  is  black  and  thick,  and  much 
water  is  pumped  with  it,  separation  being  effected  in  tanks. 

Several  other  wells  have  been  drilled  on  the  property  of  the  Piru 
Oil  and  Land  Company  lying  along  Piru  Creek,  extending  from  the 
mouth  nearly  to  Reasoner  Canyon.  These  ventures,  however,  have 
not  been  crowned  with  success. 

WELLS   OP  HOLSER  CANYON. 

Less  than  half  a  mile  south  of  Holser  Canyon  is  one  of  the  more 
prominent  anticlines  that  have  affected  the  Fernando  formation  east 
of  Piru  Creek.  The  continuation  of  this  anticline  to  the  west  was 
not  determined,  but  from  its  position  and  trend  it  may  pass  into  the 
Modelo  fold ;  on  the  other  hand,  like  so  many  other  folds  in  this  region, 
it  may  spring  from  the  system  west  of  Piru  Creek,  but  maintain  an 
independent  position  east  of  the  stream. 

Two  wells,  the  Ramona  and  New  Camulos,  are  located  a  little 
south  of  the  axis  of  this  anticline,  in  tributaries  of  Holser  Canyon, 
and  north  of  the  canyon,  between  half  a  nule  and  a  mile  north  of  the 
axis,  is  the  Crown  King.  None  of  these  wells  has  yet  found  oil. 
The  rocks  of  Holser  Canyon  are  conglomerate  and  sandstone,  with 
local  beds  of  argillaceous  shale.  Some  of  the  sandstone  shows  the 
presence  of  a  considerable  amount  of  bitumen  throughout  its  mass 
and  it  is  probable  that  drilling  operations  are  conducted  here  on  this 
account. 
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Olli   FlEIiDS   SOUTH    OF   THE  SANTA   CliARA. 
GENERAL  STATEMENT. 

The  oil  fields  south  of  Santa  Clara  River  involve  an  area  having  an 
east-west  length  of  29  miles  and  a  width  of  from  one-half  mile  to  4  miles. 
For  convenience  of  discussion  the  territory  is  divided  into  four  fields, 
which  lie  at  varying  intervals  along  the  front  of  Oak  Ridge  and  the 
Santa  Susana  Mountains,  none  being  yet  developed  on  the  slopes  of 
South  Mountain.  Enumerated  from  west  to  east  they  are  the  Bards- 
dale  and  the  Torrey-Eureka-Tapo  fields,  on  the  north  flank  of  Oak 
Ridge;  the  Pico  field,  comprising  Pico,  Dewitt,  Towsley,  Wiley, 
Rice,  and  East  canyons,  along  the  Santa  Susana  Mountains;  and  the 
Elsmere  field,  containing  the  Elsmere  and  Placerita  w^ells,  on  the 
spurs  of  the  San  Gabriel  Range.     (See  PI.  V,  p'.  36.) 

The  fields  are  developed  along  the  axes  of  the  Oak  Ridge,  Torrey, 
Eiu*eka-Tapo,  Pico,  and  Elsmere  anticlines.  The  Placerita  wells  are 
quite  independent  of  the  others  and  are  located  on  the  northward- 
dipping  schists  of  the  San  Gabriel  Range.  The  formations  involved 
are  the  Sespe  (Eocene);  Vaqueros  (lower  Miocene);  and  Fernando 
(largely  Pliocene).  All  of  these  are  productive.  In  addition  the 
schists  of  the  San  Gabriel  Range  afford  some  oil. 

BARDSDALE  FIELD. 
LOCATION. 

The  Bardsdale  field,  as  here  described,  includes  South  Moimtain  and 
Oak  Ridge  as  far  east  as  the  vicinity  of  Chaffee  Canyon.  As  all  of 
the  proved  oil  territory  in  the  field  lies  north  of  the  crest  of  the  range 
the  detailed  descriptions  will  deal  largely  with  the  northern  slopes. 

GEOLOGY   AND    STRUCTURE. 

The  South  Mountain-Oak  Ridge  anticline  extends  the  entire  length 
of  the  two  ridges  from  which  it  receives  its  name.  The  axis  is  well 
down  on  the  northwest  slope  of  the  mountains,  in  most  places  at  a 
distance  of  less  than  half  a  mile  from  the  edge  of  the  Santa  Clara 
Valley  and  locally  but  a  few  rods  away.  At  the  west  the  axis  dis- 
appears beneath  the  valley  filling  a  few  miles  from  the  end  of  South 
Mountain,  leaving  the  extremity  of  this  ridge  wholly  on  the  southern 
limb  of  the  fold.  At  the  east  the  anticline  terminates  abruptly 
against  the  northwest-southeast  system  of  folds  that  sets  in  at  Chaffee 
Canyon  and  continues  thence  eastward  to  Fernando  Pass. 

The  trend  of  the  anticlinal  axis  varies  in  sweeping  curves  between 
N.  65*^  E.  and  east  and  west,  displaying  a  certain  degree  of  parallelism 
with  the  nearer  strikes  and  with  at  least  one  structural  curve — that  on 
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the  southern  slope  of  San  Cayetano  Mountain,  north  of  the  Santa 
Clara  Valley.  While,  therefore,  the  South  Mountain-Oak  Ridge- 
Santa  Susana  uplift  is  undoubtedly  an  independent  unit  of  structure, 
its  development  was  very  probably  synchronous  with  the  mountain 
building  to  the  north.  Transversely  the  fold  is  unsymmetrical  at 
nearly  all  points,  the  southern  limb  having  much  the  gentler  dip  and 
the  strata  on  this  side  of  the  axis  showing  less  severity  of  crumpling 
than  those  on  the  north  side.  The  axis  of  the  anticline  is  also  undula- 
tory,  the  high  points  being  midway  of  the  length  of  South  Mountain 
and  of  Oak  Ridge. 

A  transverse  section  of  the  anticline  at  Sulphur  Canyon,  which 
practically  marks  the  division  of  South  Mountain  from  Oak  Ridge, 
shows  between  1,000  and  2,000  feet  of  conglomerate,  sandstone,  and 
shale  that  are  probably  Fernando,  and  at  least  500  or  600  feet  of  chalk 
rock  and  siliceous  shale  which  have  been  described  as  of  the  Modelo 
ty]>e,  but  concerning  the  proper  stratigraphic  reference  of  which  some 
doubt  has  been  expressed.  The  shale  and  ^^ chalk  rock''  occur  in 
the  axis  of  the  fold,  while  the  conglomerate  and  its  associated  strata 
rest  unconformably  upon  its  southern  flank,  forming  the  higher  por- 
tions of  the  ridges  and  extending  far  into  the  Simi  Valley.  On  the 
northern  flank  the  Fernando  beds  do  not  appear,  the  underlying 
shale  extending  to  the  Santa  Clara  Valley.  The  anticline  is  some- 
what contracted  in  the  region  of  Sulphur  Canyon,  and  no  beds  older 
than  those  of  Modelo  type  outcrop.  A  short  distance  to  the  east  and 
west,  however,  the  fold  broadens  perceptibly  and  lower  formations 
are  successively  exposed. 

In  South  Mountain  the  lowermost  beds  are  red  and  gray  banded 
sandstone  and  clay,  which  are  tentatively  regarded  as  the  partial 
correlative  of  the  Sespe  beds  north  of  the  Santa  Clara,  and  hence  of 
Ek>cene  age.  The  formation  is  here  especially  conspicuous  for  its 
brilliancy  of  coloring  and  the  sharp  contrasts  therein.  At  least  500 
fe«t  of  strata  are  exposed  opposite  Santa  Paula,  but  the  formation 
occupies  the  heart  of  the  anticline  and  its  total  thickness  may  be 
much  greater.  Overlying  these  are  other  heavy  sandstone  and  shale, 
resembling  in  general  aspect  certain  phases  of  the  chocolate-colored 
and  gray-banded  beds  of  the  Vaqueros  formation  farther  east  and 
bearing  fossils  similar  to  those  of  the  Vaqueros.  Still  higher  are  sili- 
ceous shale  and  "  chalk  rock"  of  the  Modelo  type,  bearing  not  only 
the  customary  limestones  of  that  formation,  but  also  several  beds  of 
fine-grained,  gray  sandstone.  The  **  chalk  rock  "  is  somewhat  more 
conspicuous  in  South  Mountain  than  farther  east.  The  formation  as 
a  whole,  however,  shows  the  same  general  characteristics  as  in  Oak 
Ridge,  even  to  the  red,  lava-like  appearance,  the  probable  result  of 
the  burning  of  its  petroleum  content.     The  shale,  with  its  brilliaift 
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colors,  forms  the  crest  of  South  Mountain,  and  extends  for  a  consider- 
able distance  down  its  western  slope.  It  is  succeeded  by  the  Fernando 
formation. 

Minor  cnunples  appear  in  South  Mountain,  but  in  the  main  the 
direction  of  dip  is  to  the  south,  northerly  dips  being  confined  prac- 
tically to  the  northern  side  of  the  anticline  along  the  edge  of  the 
Santa  Clara  Valley. 

East  of  Sulphur  Canyon  the  anticline  rapidly  opens,  and  at  Grimes 
Canyon  (see  PI.  Ill,  sec.  D-D')  it  attains  its  greatest  development. 
Here  are  exposed,  in  consequence,  lower  rocks  than  elsewhere — the 
deep-yellow  sandstone  that  has  been  described  as  the  possible  correl- 
ative of  the  rusty  beds  in  the  upper  portion  of  the  Sespe  formation 
north  of  Santa  Clara  River.  It  is  overlain  by  red  and  gray  banded 
beds,  except  on  the  north,  where  the  valley  has  been  eroded  through 
these  beds  and  into  the  older  strata  below.  The  yellow  sandstone  is 
also  underlain  by  red  and  gray  beds,  as  shown  by  the  logs  of  the  wells 
of  the  Bardsdale  Crude  Oil  Company.  Whether  or  not  the  heavy 
mass  of  red  sandstone  and  conglomerate  which  constitutes  the 
greater  part  of  the  Sespe  formation  north  of  the  Santa  Clara  is  present 
here  at  still  greater  depths  is  undetermined.  The  formations  through- 
out give  evidences  of  marked  change  within  comparatively  short  dis- 
tances, and  it  may  be  that  the  red  beds  of  the  Sespe  have  practically 
disappeared. 

Overlying  the  red  and  gray  beds  are  rocks  which  have  been  identi- 
fied by  their  fossils  as  a  portion  of  the  Vaqueros  formation,  consisting 
of  conspicuous  and  persistent  sandstone  at  the  base  and  sunmiit,  and 
chocolate-colored  and  gray  arenaceous  shale,  with  occasional  bands  of 
limestone  between.  They  bend  down  over  the  anticline  between 
Garberson  and  Wiley  canyons,  and  west  of  a  point  a  little  west  of  the 
mouth  of  Shields  Canyon  are  adjacent  to  the  Santa  Clara  Valley.  At 
Wiley  Canyon  the  axis  of  the  anticline  presents  a  small  core  of  the 
imderlying  red  and  gray  beds.  The  outer  body  of  the  Vaqueros  dis- 
plays a  slight  syncline,  a  flexure  that  is  the  beginning,  perhaps,  of  the 
more  highly  disturbed  conditions  that  exist  but  a  short  distance 
farther  east.  A  secondary  anticline  also  occurs  well  up  the  slope  of 
the  mountain  between  Shields  and  Garberson  canyons,  with  a  length 
of  slightly  over  a  mile. 

The  Vaqueros  is  easily  confused  with  the  Fernando  formation,  as 
the  sandstone  and  conglomerate  of  the  two  formations  bear  consid- 
erable resemblance.  It  is  probable,  however,  that  the  Fernando 
does  not  appear  west  of  Torrey  Canyon,  but  from  that  point  eastward 
it  grows  in  importance  to  the  east  end  of  the  Santa  Susana  Moim- 
tains,  where  it  is  very  prominent. 

Siliceous  shale  and  ** chalk  rock"  of  the  Modelo  type  overlie  the 
Vaqueros  and  form  the  crest  of  Oak  Ridge  for  nearly  its  entire  length. 
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Although  in  South  Mountain  this  formation  appears  to  contain  minor 
divisions  of  sandstone,  these  seem  to  be  wanting  in  Oak  Ridge.  On 
the  southern  slope  of  the  ridge,  above  the  shale  and  unconformable 
with  it,  are  the  Fernando  conglomerate,  sandstone,  and  clay.  These 
for  the  most  part  lie  well  down  the  slope  of  the  mountain,  but  here 
and  there  reach  the  crest. 

OIL   WELLS. 

UNION   AND   BARDSDALE   CRUDE   WELLS. 

A  single  oil  field  has  been  developed  in  the  South  Mountain-Oak 
Ridge  anticline.  It  Ues  opposite  Bardsdale,  extending  along  the  axis 
of  the  fold  from  Grimes  Canyon  westward  for  a  mile  and  a  half.  Two 
companies  are  operating — the  Union  Oil  Company  and  the  Bardsdale 
Crude  Oil  Company.  The  territory  of  the  former  is  adjacent  to 
Grimes  Canyon;  that  of  the  latter  is  the  westward  extension  of  the 
field.  The  wells  of  these  companies  are  sunk  in  the  rusty-yellow 
conglomeratic  sandstone  described  as  the  lowermost  formation  of  this 
district  and  possibly  of  Eocene  age.  The  wells  are  located  along  the 
highest  portion  of  the  anticline,  the  elevation  of  any  particular  bed 
diminishing  in  both  directions  along  the  axis  of  the  fold.  The  records 
of  the  wells  indicate  that  oil  is  found  in  the  rusty  sandstone  and  in 
the  underlying  red  and  gray  sandy  beds  at  depths  of  300  to  815  feet. 
The  total  depth  of  the  wells  varies  from  500  to  1,000  feet.  The  oil 
is  black  and  its  gravity  is  reported  as  ranging  from  23°  to  32°  B.,  the 
average  being  about  30°.  In  one  instance  an  oil  of  about  17°  B.  was 
encountered.  Occasionally  water  is  pumped  with  the  oil,  but  this  is 
exceptional  where  a  good  landing  stratum  is  obtained  for  the  casing. 
Such  a  stratum  is  usually  found  among  the  red  bands  of  the  beds 
imderlying  the  rusty  sands.  These,  being  generally  more  argillaceous 
than  the  gray  bands,  afford  a  more  nearly  water-tight  bed.  The 
wells  of  the  Union  Oil  Company  have  been  steady  producers  for  a 
number  of  years,  the  decrease  reported  to  the  writer  being  but  slight. 
These  wells  yield  a  large  quantity  of  gas,  which  is  used  entirely  for 
fuel.  Of  the  total  number  of  wells  the  Union  Oil  Company  pumps 
about  fifteen,  the  Bardsdale  seven.  The  foreman  of  the  Union  Com- 
pany remarks  that  if  the  gas  be  retained  in  one  of  the  two  strings 
pumped  by  them  the  wells  of  the  other  have  an  increased  product, 
and  that  if  the  gas  is  not  taken  from  the  wells  the  pressure  in  them 
becomes  so  great  as  to  hold  the  oil  back.  Numerous  devices  have 
been  used  for  drawing  out  the  oil,  one  of  them  being  the  ordinary 
steam  ejector. 

At  several  other  points  in  the  Oak  Ridge  anticline  wells  have  been 
drilled,  but  without  success.  This  may  be  due  in  part  to  insufficient 
depth  and  in  part  to  their  location  beyond  the  oil  zone.  In  Garber- 
son  Canyon,  for  instance,  a  well  has  been  drilled  to  a  depth  of  over 
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1,800  feet,  producing  nothing  but  water.  In  Shields  Canyon,  how- 
ever, west  of  Garberson,  a  trace  of  oil  was  found  at  500  feet,  the  total 
depth  of  the  well  being  850  feet.  The  gravity  of  this  oil  is  said  to 
have  been  29.5®  B.,  but  much  water  was  encountered  with  it. 

TORREY-EUREKA-TAPO  FIELDS. 
LOCATION. 

The  district  discussed  in  the  following  paragraph  embraces  Oak 
Ridge  east  of  Chaffee  Canyon  and  the  western  portion  of  the  SantA 
Susana  Mountains  as  far  east  as  the  head  of  Tapo  Canyon.  Within 
it  are  three  productive  areas — those  of  Torrey,  Eureka,  and  Tapo 
canyons. 

GEOLOGY  AND   STRUCTURE. 

As  will  be  gathered  from  the  description  of  the  geology  of  "the 
Bardsdale  district,  there  is  a  marked  regularity  in  the  stratigraphic 
succession  of  the  formations  and  in  the  anticline  into  which  they  have 
been  thrown  from  the  west  end  of  South  Mountain  to  Chaffee  Canyon. 
Here,  however,  the  regularity  ends.  The  region  between  Chaffee  and 
Tapo  canyons  shows  a  highly  complicated  geologic  structure,  and 
there  is  great  confusion  in  the  stratigraphic  succession,  resulting  from 
the  presence  of  folds  and  faults  and  the  difficulty  of  distinguishing 
between  formations,  owing  to  a  lack  of  distinctive  characteristics  in 
the  beds  and  to  changes  in  the  relative  proportions  of  the  coarse  and 
fine  sediments  from  point  to  point. 

The  first  break  in  the  regularity  that  exists  to  the  west  appears  in 
a  small  gulch  at  the  foot  of  Oak  Ridge  immediately  west  of  Chaffee 
Canyon.  At  this  point  the  end  of  what  for  convenience  may  be 
termed  the  Chaffee  syncline  appears  in  "chalk  rock,''  siliceous  shale, 
and  limestone  that  are  believed  to  be  of  the  same  formation  as  similar 
rocks  which  form  so  great  a  portion  of  the  summit  of  Oak  Ridge, 
having  been  brought  into  this  position,  almost  at  the  edge  of  the  val- 
ley, by  arching  over  the  axis  of  the  Oak  Ridge-South  Mountain  anti- 
cline. The  general  trend  of  this  syncline  is  about  S.  30*^  E.,  the  dip 
on  either  side  averaging  perhaps  35°,  although  steepening  sharply  as 
the  axis  is  approached.  The  syncline  increases  in  prominence  as  it 
crosses  the  drainage  of  Chaffee  Canyon,  and  at  the  summit  of  the 
ridge  at  its  head  becomes  a  conspicuous  feature  in  the  crest  line. 
The  details  of  this  syncline  have  not  been  gathered  in  full,  but  appar- 
ently the  heavy  f ossilif erous  sandstone  which  outcrops  in  bold  escarp- 
ments in  Wiley  Canyon  plunges  beneath  the  axis  to  reappear  on  the 
northeast  side  in  the  ridge  that  separates  Chaffee  and  Torrey  canyons. 
The  conditions  observed  in  Chaffee  Canyon  suggest  that  only  the 
lower  beds  of  the  siliceous  shale  and  "  chalk  rock"  are  involved  in  the 
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fold,  although  at  the  southeast  end  of  the  syncline,  on  the  south- 
ern slope  of  Oak  Ridge,  a  considerably  greater  thickness  has  been 
folded  in. 

The  direction  of  the  Chaffee  syncline  is  at  variance  with  that  of 
every  other  fold  that  has  been  observed  in  the  ranges  south  of  Santa 
Clara  River.  Moreover,  it  lies  between  two  systems  of  folds,  either 
of  which  might  be  said  to  terminate  against  it.  One  q^  these  systems 
includes  the  anticline  traceable  from  Wiley  Canyon  westward  to  the 
end  of  South  Mountain;  the  other  is  that  passing  from  the  region  of 
Torrey  Canyon  in  a  S.  65°  E.  direction  to  the  west  end  of  the  Santa 
Susana  Moimtains.  It  is  worthy  of  note,  too,  that  the  position  of  the 
Chaffee  syncline  is  nearly  in  direct  line  with  the  principal  fault  in  the 
hills  north  of  the  Santa  Clara. 

In  the  region  of  Torrey  and  Eureka  canyons  the  geology  is  extremely 
complicated,  but  the  general  facts  appear  to  be  as  follows:  The  for- 
mations exposed  include  150  or  200  feet  of  red  and  gray  banded 
sandstone  and  arenaceous  clay  of  the  Sespe,  about  600  feet  of  fos- 
siliferous  sandstone  and  chocolate-colored  and  gray  sandstone  and 
shale  of  the  Vaqueros,  perhaps  400  feet  of  siliceous  shale  and  chalk 
rock  of  Modelo  type,  and  a  great  body  of  heavy-bedded  sandstone 
and  conglomerate,  in  some  of  which  have  been  found  fossils  identifying 
them  as  the  Fernando  (Pliocene).  These  formations  are  shown  in  a 
section  of  Oak  Ridge  across  the  Torrey  field — the  oldest  beds  at  the 
heart  of  an  anticline  at  the  northern  edge  of  the  productive  area,  the 
youngest  on  the  southern  slope  of  the  ridge  and  again  at  its  northern 
base,  the  siliceous  shale  and  ** chalk  rock^'  at  the  mountain  crest,  and 
the  Vaqueros  on  the  upper  and  lower  middle  slopes  of  the  northern 
front. 

The  structural  lines  of  the  Torrey  field  have  a  trend  approximating 
N.  65®  W.,  contrasting  in  this  respect  with  those  of  Oak  Ridge  to  the 
west  and  in  harmony  with  those  to  the  east,  the  dividing  line  between 
the  two  systems  being  the  Chaffee  syncline,  already  described. 

The  principal  fold  of  the  Torrey  field  (see  PI.  IV,  sec.  H-HO  is  an 
anticline  that  crosses  the  ridge  between  Torrey  and  Smith  canyons 
at  the  summit  of  the  easterly  grade  leading  to  the  developed  territory. 
This  anticline  has  not  been  traced  eastward  to  the  edge  of  the  Torrey 
basin,  but  directly  in  line  with  it  at  this  point  is  a  similar  fold,  which 
is  probably  its  continuation.  To  the  west  the  anticline  crosses  Torrey 
Canyon,  being  particularly  conspicuous  in  its  lower  slopes,  becoming 
less  so  in  the  ridge  between  Torrey  and  Chaffee  canyons,  and  disap- 
pearing to  a  mere  trace  in  the  lower  portion  of  Chaffee  Canyon  as  it 
approaches  the  Chaffee  syncline.  The  trend  of  this  anticline,  which 
may  be  designated  the  Torrey,  is  N.  65®  W.  The  inclination  of  the 
strata  on  either  limb  varies  from  point  to  point,  but  in  general  may 
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be  taken  at  about  35°.  Southward  from  the  axis  the  dip  is  compara- 
tively regular  to  a  point  beneath  the  summit  of  Oak  Ridge.  To  the 
north,  however,  the  dip  continues  but  a  short  distance  when  it  g;iv^ 
way  to  a  southerly  dip,  the  syncline  thus  formed  being  hardly  lees 
conspicuous  than  the  anticline  itself. 

The  formations  exposed  in  the  Torrey  anticline  include,  at  the  axis, 
a  small  outcrop  of  red  and  gray  banded  beds,  believed  to  be  the  S^>e 
formation ;  overlying  these  is  the  principal  formation  of  the  field,  heavy 
sandstone  and  chocolate-colored  and  gray-banded  shales,  which,  by 
their  fossils,  have  been  identified  as  lower  Miocene  (Vaqueros),  nearly 
1,000  feet  thick;  succeeding  these,  on  the  south  the  siliceous  shale 
of  the  Modelo,  which  forms  the  crest  of  Oak  Ridge  opposite  the  Torrey 
field,  and  on  the  north — the  siliceous  member  apparently  being 
wanting — the  heavy  sandstone  and  conglomerate  that  are  regarded 
as  the  Fernando.  The  Fernando  is,  however,  of  small  extent  in  this 
vicinity,  becoming  prominent  in  the  region  of  Tapo  Canyon  and 
attaining  its  maximum  development  several  miles  farther  east,  oppo- 
site Pico  Canyon  and  beyond. 

A  second  anticline  in  the  Torrey  field  lies  in  the  lower  slopes  of  the 
hills  and  is  probably  the  west  end  of  that  believed  to  exist  along  the 
channel  of  Eureka  Canyon,  this,  in  turn,  being  continuous  with  the 
main  Tapo  anticline  farther  east.  This  fold  may  be  seen  to  advan- 
tage in  the  west  wall  of  Torrey  Canyon,  midway  between  its  mouth 
and  the  forks  half  a  mile  up.  East  of  this  the  flexure  is  not  quite  so 
pronounced  and  is,  therefore,  not  so  readily  and  perhaps  not  so  correctly 
defined.  Between  Eureka  and  Torrey  canyons  the  axis  of  the  fold 
pitches  to  the  west,  while  the  strike  of  the  beds  is  generally  north  and 
south.  There  is  considerable  doubt  concerning  the  structure  and  the 
succession  of  the  strata  in  Eureka  Canyon.  At  first  glance  the  r^u- 
larity  appears  to  be  unbroken  from  the  crest  of  Oak  Ridge  to  the  outer 
face  of  the  lowermost  foothills,  the  entire  cross  section,  except  at  the 
summit  of  the  ridge,  presenting  a  southerly  dip.  From  the  region  of 
Tapo  Canyon,  however,  the  main  anticline  may  be  traced  ^nth  only 
slight  irregularities  to  the  divide  between  the  Tapo  drainage  and  that 
of  Eureka  Canyon,  but  at  this  point  there  is  a  sharp  change  in  the 
position  of  the  strata,  as  if  the  anticline  had  been  severely  compressed 
and  the  plane  of  its  axis  had  been  pushed  northward  with  a  dip  of  per- 
haps 60°  to  90''  to  the  south.  (See  PI.  IV,  sec.  I-I'.)  In  the  higher 
portions  of  Eureka  Ridge,  a  short  distance  north  of  this  anticline, 
there  is  a  syncline  of  secondary  importance,  which  also  has  probably 
suffered  strong  compression.  The  resultant  position  assumed  by  the 
beds  thus  influenced  by  the  compound  flexure  described  is  one  of 
southerly  dip,  with  local  obliteration  of  the  axes  of  both  folds,  and  an 
apparent  continuous  succession  of  strata  from  base  to  summit  of  the 
mountain.     It  is  evident,  however,  that  if  this  should  prove  to  be  the 
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correct  structure  there  is  a  duplication  of  beds  iq  the  cross  section 
referred  to.  At  the  mouth  of  Eureka  Canyon  there  is  an  exposure 
of  Fernando  conglomerate  and  sandstone,  bearing  fossils  identifying 
them  with  the  beds  of  Packard  Hill,  near  Santa  Barbara.  Their  dip  is 
Tertical,  the  change  from  the  southerly  dip  of  the  older  strata  imme- 
diately south  being  somewhat  abrupt.  This  is  probably  due  to  uncon- 
formity rather  than  to  a  structural  break.  The  Eureka-Tapo  anti- 
cline appears  to  be  coextensive  with  the  Torrey,  a  mile  to  the  south. 
Neither  has  been  traced  from  one  end  to  the  other,  as  delineated  on 
the  map  (PI.  I),  but  by  reason  of  the  alignment  of  several  folds 
observed  independently  it  is  thought  that  all  are  parts  of  a  single 
crumple.  As  in  the  case  of  the  Torrey  anticline,  productive  territory 
has  been  developed  in  proximity  to  the  axis  of  the  Eureka-Tapo  fold, 
the  western  field  being  that  near  the  mouth  of  Eureka  Canyon,  the 
eastern  including  several  branches  of  Tapo  Canyon. 

Between  the  two  anticlines  thus  described  is  a  syncline  which  has 
not  been  traced  through  from  west  to  east,  but  which  is  supposed  to 
be  continuoiis,  as  represented  on  the  map.  It  may  be  seen  on  both 
sides  of  Torrey  Canyon,  but  in  the  eastern  wall  of  Smith  Canyon  the 
fold,  which  is  so  pronounced  to  the  west,  is  considerably  obscured, 
perhaps  by  faulting  along  its  axis.  A  sharp  disturbance  of  the  strata 
is  recognizable  in  a  vertical  clifiF  of  shale  and  sandstone  directly  across 
Smith  Canyon  from  the  easterly  grade  to  the  Torrey  wells.  In  the 
line  of  the  syncline,  also,  there  is  a  similar  flexure  near  the  smnmit  of 
Oak  Ridge,  and  this  in  turn  is  in  line  with  the  Tapo  syncline,  a  flexure 
a  few  hundred  yards  south  of  the  main  anticline  in  Tapo  Canyon. 

There  are  other  folds  of  minor  importance  in  this  region,  here  and 
there,  sharp  or  even  developed  into  faults  of  small  extent.  The  larger 
folds  that  have  been  described  converge  near  the  mouth  of  Chaffee 
Canyon  as  they  approach  the  Chaffee  syncline. 

The  formation  chiefly  involved  in  the  flexures  of  the  Torrey-Eureka 
region  is  that  of  Vaqueros  age.  To  the  south  in  the  higher  portion  of 
Oak  Ridge  the  siliceous  shale  of  Modelo  type  is  also  involved  in  a 
minor  degree.  On  the  southern  slope  of  the  main  ridge,  near  the 
Torrey  road,  the  general  dip,  aside  from  numerous  minor  crumples,  is 
northward,  and  a  short  distance  north  of  the  outcrop  of  the  Fernando 
formation  a  sandstone  suggesting  one  of  the  Vaqueros  beds  occurs  in 
a  position  not  at  all  out  of  harmony  with  the  general  structure.  The 
actual  correlation  of  this  bed,  however,  remains  undetermined  and  it 
has  not  been  indicated  on  the  map.  North  of  the  Vaqueros  area,  at 
the  foot  of  Oak  Ridge,  is  the  Fernando,  which  also  is  involved  in  the 
general  folding  that  has  taken  place. 

It  is  possible  that  faults  occur  within  the  area  of  the  folds  referred 
to  in  the  foregoing  paragraphs.  The  greatest  disturbance  appears  to 
have  been  in  the  line  of  the  syncline  separating  the  Torrey  and 
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Eureka-Tapo  anticlines,  in  the  eastern  rim  of  the  Torrey  amphi- 
theater, the  facts  pointing  to  an  elevation  of  the  strata  north  of  a 
possible  plane  of  fracture. 

The  Tapo  anticline  is  traceable  for  3  or  4  miles  across  the  northern 
spurs  of  the  easterly  portion  of  Oak  Ridge,  its  axis  lying  from  one-half 
to  two-thirds  the  distance  from  base  to  summit.  The  general  trend 
of  the  fold  is  about  N.  70°  W.,  the  dip  of  the  strata  on  either  side  of  the 
axis  varying  between  75°  and  85°.  The  heart  of  the  anticline  is  occu- 
pied by  a  mass  of  brown  shale  and  interbedded  concretionary  sand- 
stone. These  are  beUeved  to  be  the  equivalents  of  the  banded  choco- 
late-colored and  gray  sandstones  and  shales  in  the  vicinity  of  Wiley 
Canyon  and  farther  west,  and,  if  such  is  the  case,  are  of  Vaqueros  age. 
On  the  other  hand,  the  concretionary  phase  of  the  sandstone  resem- 
bles the  lower  Modelo  formation  north  of  the  Santa  Clara,  but  no  fossils 
have  been  found  to  decide  the  point.  Many  of  the  sandstones  of  Tapo 
Canyon  are  highly  bituminous,  and  along  the  crest  of  th^ flexure  in 
the  several  forks  occur  seepages  of  petroleimi  of  considerable  size.  In 
the  main  canyon,  either  on  the  axis  or  shghtly  to  the  south  of  it,  is  a 
gas  well,  but  its  depth  and  the  horizon  from  which  gas  is  derived  are 
unknown. 

The  Tapo  anticline  appears  to  die  out  toward  the  east  in  a  mass  of 
crushed  strata  at  the  head  of  the  westernmost  branch  of  Salt  Creek  on 
Santa  Susana  Mountain.  In  a  westerly  direction  the  geologic  condi- 
tions are  somewhat  uncertain,  but  in  the  ridge  separating  West  Tapo 
and  Eureka  canyons  the  axis  has  the  appearance  of  bending  rather 
sharply  to  the  north.  On  the  other  hand,  as  already  suggested,  the 
geology  of  Eureka  Canyon  and  the  adjacent  slopes  is  very  complicated, 
and  for  a  definite  conclusion  concerning  the  relations  of  the  thousands 
of  feet  of  very  similar  beds  additional  field  work  is  necessary.  The 
position  of  the  Tapo  anticline  is  but  tentatively  indicated  on  the  map 

(PI.  I). 

Between  100  and  200  yards  south  of  the  Tapo  anticline  is  a  syn- 
cline  which  is  pronounced  in  the  region  of  the  main  forks  of  Tapo  Can- 
yon, but  which  west  of  this  disappears  in  the  general  crumpling  on  the 
higher  slopes  in  front  of  Oak  Ridge.  In  an  easterly  direction  its  axis 
approaches  that  of  the  anticline,  and  both  are  apparently  lost  in  a 
common  mass  of  crumpled  strata  at  the  end  of  the  Santa  Susana 
Moimtains. 

The  zone  of  excessive  crumpling,  embracing  the  Torrey  and  Tapo 
anticlines  and  their  associated  synclines,  passes  from  Oak  Ridge  into 
the  west  end  of  the  Santa  Susana  Mountains,  in  part  also  crossing  the 
crest  of  the  range  at  the  low  point  opposite  the  head  of  Tapo  Canyon, 
In  the  region  thus  indicated  the  disposition  and  succession  of  the 
strata  are  very  anomalous,  and  from  a  topographic  standpoint  there 
is  a  distinct  offset  in  the  alignment  of  the  two  ranges,  the  west  end  of 

Digitized  by  VjOOQIC 


SANTA   CLAEA  VALLEY:   TORBEY-EUREKA-TAPO   FIELDS.  85 

the  Santa  Susana  lying  a  little  farther  north  than  the  east  end  of  Oak 
Ridge.  The  topographic  relation  of  the  mountain  ridges  may  be  due 
to  the  development  en  6chelon  of  successive  anticlines,  but  the  anoma- 
lies of  stratigraphy  suggest  the  presence  of  a  strike  fault  a  little  south 
of  the  Tapo  syncline.  For  instance,  in  the  northern  slope  of  Oak 
Ridge  between  the  Eureka  and  Tapo  drainages,  the  apparent  succes- 
sion of  beds  is  quite  the  reverse  of  the  normal.  Both  the  siliceous 
shale  of  the  Modelo  and  the  chocolate-colored  shale  and  sandstone  of 
the  Vaqueros  maintain  a  northerly  dip,  and  the  inference  is  that  the 
latter  are  the  younger.  It  is  probable,  however,  that  along  the  line 
indicated  there  has  been  displacement,  the  strata  south  of  the  fracture 
plane  having  been  depressed,  though  to  what  extent  is  yet  undeter- 
Imned.  This  would  agree  with  the  explanation  already  suggested  of 
the  positions  assumed  by  beds  about  the  head  of  Smith  Canyon. 
South  of  the  Santa  Susana  Mountains  the  line  of  the  fault  is  marked  by 
^^at  complexity  of  strata,  it  being  impossible  to  recognize  horizons 
and,  in  consequence,  the  relations  of  the  beds.  The  fault  plane  from 
Tapo  Canyon  eastward  appears  to  he  somewhat  diagonal  to  the  gen- 
eral trend  of  the  formations;  the  area  of  siliceous  shale,  a  prominent 
feature  to  the  west,^  is  diminished  almost  to  disappearance,  and  the 
difficulty  of  correctly  interpreting  the  structure  is  even  ^further 
enhanced  by  the  approach  of  the  line  of  unconformity  between  the 
Vaqueros  and  Modelo  beds  and  the  Fernando  formation.  The  Vaque- 
ros beds  are,  however,  chiefly  involved  in  the  crushing  south  of  the 
range  crest;  The  breadth  of  the  zone  of  severely  crushed  and  folded 
strata  is  hardly  less  than  a  mile,  while  its  continuity  can  be  traced  for 
a  distance  of  at  least  10  miles. 

The  axis  of  a  somewhat  prominent  anticline,  trending  a  little  south 
of  east,  passes  through  the  knoll  at  the  southeastern  extremity  of  Oak 
Ridge,  about  three-fourths  of  a  mile  north  of  the  parallel  34°  20'  N. 
and  2  miles  west  of  the  meridian  118°  40'  W.  The  eastern  half  of  the 
fold  involves  the  Fernando  formation,  but  the  western  half  lies  almost 
wholly  within  thie  area  of  siliceous  shale,  though  not  far  from  the  north- 
ern edge  of  the  Fernando.  The  general  trend  of  the  axis  is  more 
nearly  east  and  west  than  the  direction  assumed  by  the  zone  of  crum- 
pling. These  two  features  therefore  diverge  toward  the  west,  the  zone 
of  crushing  and  fracture  turning  to  the  north  of  Oak  Ridge,  the  anti- 
cline passing  to  the  south. 

In  addition  to  the  foregoing,  there  are  many  other  minor  crumples 
of  greater  or  less  breadth  and  linear  extent,  particularly  within  the 
area  of  siliceous  shale.  All  have  a  general  direction  of  S.  70°-85°  E., 
but  their  continuity  has  not  been  traced  out. 

The  formation  in  the  middle  fork  of  Tapo  Canyon  from  which  oil 
is  derived  is  a  succession  of  sandstone  and  shale.  The  sandstone  is 
generally  thin  bedded,  and  its  proportion  to  the  shale  diminishes 
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toward  the  base  of  the  series.  Concretions,  some  of  them  compara- 
tively large  and  rounded,  characterize  certain  horizons.  The  shale  is 
for  the  most  part  earthy  or  sandy,  but  through  it  may  be  traced  bands 
of  harder  and  in  some  places  even  siUceous  rock.  Limestone  concre- 
tions are  also  sparingly  present.  Both  shale  and  sandstone  have  been 
more  or  less  impregnated  with  petroleum,  as  well  as  with  iron  and 
salts  of  other  minerals.  Along  the  axis  of  the  anticline,  wherever 
crushing  has  been  particularly  severe,  occur  important  seepages  of 
petroleum. 

Overlying  the  thin-bedded  sandstone  and  shale,  with  compara- 
tively sharp  passage  from  the  one  to  the  other,  is  heavy-bedded  sand- 
stone divided  by  minor  layers  of  sandy  shale.  The  sandstone  is  gray 
to  yellow  in  color,  although  yellow  appears  to  characterize  more  gen- 
erally the  lower  beds.  The  sand  is  coarse  and  locally  gritty  or  even 
pebble  bearing.  Well  up  in  the  mass  conglomerate  appears,  becoming 
in  the  outer  ridges  of  the  Santa  Susana  Mountains,  a  conspicuous  fea- 
ture in  the  geology.  The  sandstone  and  shale  in  the  lower  1,000  feet 
of  this  younger  formation  have  been  impregnated  in  varjdng  degree 
with  petroleum,  and  from  some  of  them  come  seepages,  indicating 
considerable  richness.  From  one  or  another  member  of  this  group  of 
beds  is  derived  the  oil  in  the  producing  wells  of  Tapo  Canyon. 

Conf ormabiUty  appears  to  exist  throughout  the  succession  of  strata 
above  described,  from  the  lowest,  encountered  in  the  heart  of  the  anti- 
cline, to  the  highest,  observed  at  the  outer  edge  of  the  range.  It  is 
difficult,  therefore,  to  recognize  any  true  basis  on  which  to  s^regate 
the  beds  into  distinct  formations,  yet  in  a  broad  way  they  are  separa- 
ble into  a  mass  of  conglomerate  and  associated  heavy-bedded  sand- 
stone and  shale  which  bear  a  distinct  resemblance  to  the  Fernando  of 
other  localities  in  the  Santa  Clara  district  on  the  one  hand,  and  thin- 
bedded  sandstone  and  shale  of  a  siliceous  character,  which  closely 
resemble  the  banded  chocolate-colored  and  gray  shale  and  sandstone 
farther  west  in  Oak  Ridge  and  the  Modelo  in  the  range  north  of  the 
Santa  Clara  on  the  other.  For  the  sake  of  mapping,  the  dividing  line 
has  been  taken  at  the  lower  horizon  of  the  heavier  conglomerate  in  the 
main  Tapo  Canyon,  a  quarter  to  half  a  mile  above  its  mouth,  occiuring 
somewhat  farther  up  on  the  streams  to  the  east  and  somewhat  lower 
down  on  those  to  the  west. 

OIL   WELLS. 

The  oil  wells  in  the  territory  just  described  comprise,  in  order  from 
west  to  east,  the  Torrey,  Eureka,  and  Tapo  groups,  each  being  deag- 
nated  by  the  canyon  in  which  they  are  drilled. 


Digitized  by  VjOOQIC 


SAJJTA   CLARA   VALLEY:   TORREY-EUREKA   FIELDS.  87 


TORREY   WELLS. 


The  productive  territory  of  the  Torrey  anticUne,  forming  what  is 
known  as  the  Torrey  field,  embraces  an  area  of  about  1  square  mile, 
the  length  being  twice  the  breadth  and  lying  with  the  strike  of  the 
rocks,  which  gradually  bend  from  N.  65°  W.,  the  direction  prevailing 
on  the  side  of  the  flexure,  to  northwest,  north  northwest,  and  north  as 
the  strata  round  its  end.  The  axis  of  the  anticUne  passes  close  to  the 
northern  edge  of  the  field,  the  wells,  with  a  few  exceptions,  having 
been  drilled  in  the  strata  of  gentler  dip,  30°  to  40°,  south  of  the  axis. 
In  all  there  are  between  50  and  60  wells,  aligned  m  seven  or  eight  con- 
centric arcs,  in  accordance  with  the  curves  assumed  by  the  outcrop- 
ping strata.  The  wells  nearer  the  axis  penetrate  the  red  and  gray 
banded  argillaceous  sandstone  that  has  been  correlated  with  a  portion 
of  the  Sespe  formation,  while  those  more  distant  are  perhaps  entirely 
confined  to  the  sandstone  and  shale  of  the  Vaqueros. 

It  is  said  to  be  usually  impossible  in  this  field  to  identify  horizons 
in  one  well  with  those  in  another,  even  though  the  two  locations  are 
adjacent.  The  oil  sands  also  vary  in  thickness  from  a  few  feet  to  150, 
and  even  the  thicker  beds,  it  is  reported,  can  not  be  identified  from 
well  to  well.  It  is,  however,  the  opinion  of  the  writer  that  consider- 
able order  might  be  worked  out  with  the  aid  of  carefully  prepared 
cross  sections. 

The  oil  has  a  gravity  of  30°  to  35°  B.  and  resembles  that  derived 
from  the  same  formation  north  of  the  Santa  Clara,  especially  that  from 
the  region  of  Fourfork  and  Tar  creeks.  The  depth  of  the  wells  varies 
from  600  to  2,000  feet,  the  deeper  wells  being  those  farther  away  from 
the  axis  of  the  fold.  North  of  the  Torrey  anticline  the  productive 
territory  is  apparently  confined  to  the  east  end  of  the  field  where  the 
distance  from  the  syncUne  immediately  north  and  from  the  fracture 
possibly  accompanying  it  is  greatest. 

Concerning  the  extent  of  the  Torrey  field  beyond  the  present  devel- 
oped area,  it  may  bfe  said  with  some  degree  of  assurance  that  to  the 
west  and  north  it  is  likely  to  be  limited  by  structural  conditions  to 
nearly  the  existing  lines.  In  the  other  directions  no  prediction  can 
be  made. 

EUREKA   WELLS. 

The  wells  of  Eureka  Canyon  are  located  in  its  lower  reaches,  most 
of  them  being  grouped  at  the  sharp  turn  half  a  mile  above  its  mouth. 
The  geology  of  the  immediate  region  is  somewhat  doubtful,  but  if  the 
structure  is  that  of  a  highly  compressed  compound  fold,  as  suggested 
on  page  82,  the  locus  of  the  wells  is  not  far  from  its  anticlinal  axis; 
moreover,  the  developed  territory  is  in  the  vicinity  of  a  prominent 
curve  in  the  stratification  planer,  the  axis  having  been  pushed  some- 
what northward  between  Eureka  and  Torrey  canyons.     The  wells 
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penetrate  the  Vaqueros  sandstone,  conglomerate,  and  shale,  but 
whether  any  of  the  beds  are  duplicated  it  is  impossible  to  determine. 
Such  duplication  may  have  taken  place,  but  it  has  had  practically  no 
effect  on  the  productiveness  of  the  territory.  The  wells  are  located 
a  little  over  a  mile  north  northeast  of  the  Torrey  group,  the  geology 
of  the  two  fields  being  quite  distinct. 

Twenty-one  wells  were  in  operation  or  drilling  at  the  time  of  the 
writer's  visit.  They  vary  in  depth  from  600  to  1,200  feet,  and  the 
strata  passed  through,  according  to  the  logs,  embrace  sand,  arena- 
ceous shale,  dark,  adobe-like  clay,  and  the  usual  **hard  shells '*  of  the 
drillers.  The  character  of  the  beds  varies  every  50  to  125  feet  in 
depth,  but  sandstone  predominates.  Oil  sand,  so-called,  appears  to 
be  encountered  at  depths  of  540  to  620  feet.  Water  is  found  both  in 
the  upper  parts  of  the  wells  and  beneath  the  lowermost  oil  sand  re- 
corded. Well  No.  20,  of  the  group  at  the  turn  of  the  canyon,  is  the 
only  one  in  which  pebbles  are  reported.  These  are,  i>erhaps,  a  IocaI 
development  of  one  of  the  more  prominent  sandstones  that  lie  near 
either  the  summit  or  the  base  of  the  Vaqueros  beds.  Usually  but  a 
single  oil  sand  shows  in  a  well,  and  it  is  the  opinion  of  the  superin- 
tendent that  the  producing  horizon  is  the  same  throughout  the  field. 

The  gravity  of  the  oil  averages,  it  is  said,  24°  B.,  but  in  some 
instances  rises  to  26°.  This  difference,  as  compared  with  the  Torrey 
oil,  is  inexplicable,  for  both  are  believed  to  be  derived  from  the  same 
formation.  Their  horizons,  however,  may  be  different,  and  in  the 
Eureka  field  the  sediments  appear  to  be  coarser,  while  the  strata  are 
far  more  fractured,  if  the  interpretation  of  the  geology  here  given  is 
correct.  The  latter  feature  would  tend  to  permit  the  easier  escap)e  of 
the  lighter  hydrocarbons,  leaving  behind  the  heavier  oils,  which  now 
constitute  the  product. 

The  yield  has  been  from  1  to  40  barrels  per  day.  The  field  has, 
however,  never  been  one  of  large  production,  but  from  the  records  the 
wells  appear  to  have  maintained  their  supply  with  remarkable  uni- 
formity.    The  log  of  one  of  these  wells  is  appended: 

Log  of  well  in  Eureka  Canyon. 
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*•  Hard  shell,"  this  marking  the  top  of  the  oil  sand,  according  to  the  driller's  statement. 

At  this  point,  also,  water  is  shut  off 
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No  evidence  of  the  red  and  gray  banded  series  of  probable  Eocene 
age  has  been  found  in  any  of  the  holes  in  this  field. 

TAPO    WELLS. 

Wells  have  been  drilled  in  the  main  fork  of  Tapo  Canyon  and  also 
in  each  branch  of  a  westeriy  tributary.  Those  at  present  producing 
He  along  the  east  fork  of  this  tributary.  They  are  four  in  number, 
although  from  their  designation,  Jfos.  12  to  15  inclusive,  it  is  to  be 
inferred  that  several  others  have  been  in  existence  in  earUer  days. 
Indeed,  one  or  two  of  these  old  wells  still  contain  a  sHght  amount  of 
oil.  The  producing  wells  are  sunk  in  northward-dipping  sandstone 
and  shale  a  mile  north  of  the  axis  of  the  Tapo  anticUne.  They  yield 
at  present  from  5  to  40  barrels  of  oil  per  day.  The  gravity  is  20**  to 
24°  B.,  the  20°  oil  being  produced  by  the  well  highest  up  in  the  canyon 
and  lowest  as  to  the  strata  penetrated.  These  wells  are  about  200 
feet  apart  and  range  in  depth  from  460  to  1,200  feet.  The  oil  sand  is 
encountered  at  235,  465,  940,  and  865  feet,  from  the  well  farthest  up 
the  creek  to  that  lowest  down,  resp)ectively.  The  wells  lowest  on  the 
dip  are  the  greatest  producers.  The  dip  of  the  measures  is  from  50° 
to  60°,  and  it  is  impossible  to  say  that  a  single  bed  produces  oil  for  the 
entire  field,  although  this  is  suggested  by  the  increasing  depths  of  the 
wells  in  the  direction  of  the  dip.  More  or  less  water  is  pumped  with 
the  oil,  and  it  is  the  opinion  of  the  superintendent  that  the  two  are 
mined  and  come  from  the  same  bed.  The  amount  of  water,  how- 
ever, is  slight,  the  proportion  being  given  as  1  of  water  to  40  of  oil. 
Inasmuch  as  water-bearing  sands  overlie  the  oil  sands  it  maybe  that 
a  leak  occurs  which  would  account  for  its  presence  with  the  oil. 
Water  was  also  found  beneath  the  oil  sand  in  the  well  farthest  up  the 
gulch  and  has  been  encountered  in  some  of  the  wells  now  abandoned. 
All  the  wells  yield  gas,  the  deeper  the  well  the  greater  the  quantity. 

The  whole  of  the  lower  half  of  the  Vaqueros  strata  exposed  in  Tapo 
Canyon  shows  a  greater  or  less  impregnation  with  petroleum.  No 
unusual  amount  appears  to  have  been  assembled  in  proximity  to  the 
axis  of  the  main  anticline,  and  it  may  be  that  the  productive  territory 
is  a  particularly  rich  portion  of  the  series  of  beds  which,  from  some 
cause  or  other,  has  held  its  oil  better  than  the  great  mass  of  the  beds 
in  the  region.  From  the  surface  no  reason  can  be  seen  for  the  enrich- 
ment of  one  portion  of  the  formation  over  another  portion,  and  except 
for  strong  seepages  in  proximity  to  the  wells  one  locality  might  as 
readily  have  been  chosen  for  development  as  another. 

The  logs  of  the  Tapo  wells  show  a  succession  ol  blue  clay,  brown 
shale,  gray  sandstone,  fine  to  coarse,  and  in  one  instance  a  trace  of 
conglomerate.  The  thicknesses  of  these  several  materials,  which  are 
constantly  repeated,  vary  from  5  to  200  or  more  feet,  the  average 
being,  perhaps,  between  20  and  75  feet. 
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PICO    FIELDS. 
LOCATION. 

The  Pico  district,  the  western  part  of  what  is  popularly  known  as 
the  ^'Newhall  district/'  comprises  the  region  of  the  Santa  Susana 
Mountains  from  Tapo  Cenyon  to  Fernando  Pass.  The  Newhall  dis- 
trict is  divided  into  the  Pico  and  Elsmere  districts  for  the  purpose  of 
this  discussion,  the  geologic  conditions  in  the  two  subdistricts4>eing 
quite  different. 

GEOLOGY   AND   STRUCTURE. 

In  the  body  of  the  Santa  Susana  Mountains  there  are  many  flex- 
ures in  the  siliceous  shale  of  the  Modelo  and  in  the  shale  and  heavy 
sandstone  of  the  Vaqueros.  Certain  of  these  flexures  along  the 
northern  front  of  the  range  have  become  of  primary  economic  impor- 
tance from  the  development  of  rich  oil-bearing  territory  adjacent  to 
their  axes.  With  these  alone  the  following  pages  have  to  do.  (See 
PI.  IV,  sec^.  J-J',  K-K',  L"-I^L',  and  M"-M-M'.) 

Chief  among  such  folds  is  one  which  may  be  designated  the  Pico 
anticline.  This  extends  for  perhaps  10  miles*  along  the  northern 
front  of  the  range.  Its  trend  is  N.  60°  W.  and  the  strata  on  the 
southern  limb  dip  25°  to  30°,  on  the  northern  limb  50°  to  70°,  At 
the  west  the  anticline  originates  in  the  divide  between  the  waters 
of  Pico  and  Salt  canyons.  The  east  end  passes  out  of  the  range  a 
mile  or  so  south  of  Fernando  Pass,  the  actual  terminus  being  appar- 
ently in  the  footliills  of  the  San  Gabriel  Range,  or  in  the  valley  edge 
immediately  adjacent.  The  axis  of  the  anticline  may  be  seen  in 
any  of  the  canyons  of  the  Santa  Susana  Mountains  draining  to  the 
Santa  Clara.  (See  PI.  IX,  7?.)  Its  trend  is  somewhat  irregular, 
though  in  its  entirety  the  fold  maintains  the  direction  given  very 
closely.  In  the  hills  between  Dewitt  and  Pico  canyons  a  minor 
fold  of  the  same  nature  branches  off  to  the  north,  but  this  in  few 
places  amounts  to  more  than  a  pronounced  pucker  in  the  beds 
affected  by  it.  The  Pico  anticline  is  traceable  at  least  to  Wiley 
Canyon,  and  perhaps  even  to  the  forks  of  Rice  and  Gavin  canyons. 
South  of  the  main  fold  is  a  syncline  which  parallels  it  for  its  entire 
length.  This  originates  at  the  west  at  about  the  same  point  as  the 
anticline,  in  a  mass  of  highly  crumpled  strata  in  the  divide  between 
Pico  and  Salt  canyons.  After  a  divergent  course  of  2  or  3  miles  the 
anticline  and  syncline  lie  parallel  with  each  other  lo  the  San  Fer- 
nando Valley.  At  certain  points  along  the  sjmcline,  as,  for  instance, 
at  the  head  of  Pico  Canyon,  there  is  some  evidence  that  faulting 
has  taken  place  immediately  to  the  south,  the  strata  south  of  the 
fault  plane  being  downthrown  and  the  plane  itself  inclined  at  -an 
angle  of  50°  to  70°.     The  evidence,  however,  was  not  followed  up, 
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and  on  the  map  (PI.  I)  the  syncline  is  m  the  main  given  as  unbroken. 
The  similarity  between  this  fold  and  the  Tapo  anticline  is  worthy  of 
remark.  In  each  case  there  is  a  principal  anticlinal  fold,  with  a  par- 
allel syncline  on  the  south,  and  faults  and  a  highly  crushed  zone  in 
one  instance  and  i>erhaps  also  in  the  other  still  farther  south.  The 
position  of  the  Pico  anticline  is  en  Echelon  with  that  of  the  Tapo  to 
the  west  and  also  with  that  of  the  Elsmere  to  the  east,  all  being 
somewhat  diagonal  in  trend  to  the  general  direction  assumed  by  the 
ranges. 

The  strata  involved  in  the. folds  described  above  and  imderiying 
the  adjacent  regions  include  a  heavy  deposit,  presumably  of  lake 
beds,  in  the  low  hills  about  the  jimction  of  Santa  Clara  River  and 
its  tributary,  Newhall  Creek;  conglomerate,  sandstone,  and  clay  of 
the  Fernando,  of  a  horizon  possibly  somewhat  younger  than  that  of 
the  Fernando  beds  that  lie  immediately  east  of  the  mouth  of  Pirn 
Creek;  and  a  succession  of  brown  and  chocolate-colored  shale,  com- 
paratively thin  interbedded  sandstone,  and  local  conglomerate, 
which  will  doubtless  prove  to  be  of  lower  Miocene  (Vaqueros)  age, 
of  the  same  horizon  as  the  beds  of  similar  nature  in  the  region  of 
Torrey  and  Tapo  canyons  and  in  the  northern  front  of  Oak  Ridge 
farther  west.  The  assumption  that  the  beds  last  mentioned  are 
lower  Miocene  is,  in  the  absence  of  fossils,  based  on  their  lithologic 
resemblance  to  those  of  other  localities  in  which  determinative  forms 
occur,  on  the  presence  of  organic  siliceous  shale  here  and  there  in  the 
beds  of  chocolate-brown  color  and  of  more  earthy  character,  and  on 
the  occurrence  of  concretionary  bodies,  round  to  elliptical,  in  the 
sandstone  of  the  formation.  The  shale  and  sandstone  regarded  as 
Vaqueros  are  confined  to  the  heart  of  the  anticline  and  to  the  regions 
adjacent  which  are  affected  by  the  subordinate  folds  in  connection 
therewith.  They  occupy  the  entire  front  of  the  range  to  their  line 
of  imion  with  the  Fernando  beds  near  the  base. 

The  Fernando  formation  displays  marked  regularity  of  strike  and 
dip,  and  from  any  of  the  high  points  within  the  range  may  be  seen 
arching  about  the  foothills  from  the  vicinity  of  Newhall  across  Pico 
Canyon  to  the  mouth  of  Salt  Creek,  bending  in  its  trend  from  N. 
50®  W.  to  N.  75®  W.  A  conspicuous  feature  of  this  formation  is  a 
great  mass  of  bluish-gray  clay  that  occurs  a  short  distance  above  its 
base.  It  is  particularly  strong  of  outcrop  in  Road  Gulch,  perhaps 
on  account  of  the  gentle  dip  and  wide  erosion  of  this  portion  of  the 
formation.  The  conglomerate  which  overlies  this  clay  is  heavily 
develoi>ed  in  beds  from  50  to  300  feet  thick. 

The  line  between  the  Fernando  formation  and  the  beds  regarded 
as  Vaqueros  is  placed  at  the  horizon  of  the  uppermost  brown  or 
chocolate-colored  shale.  Conglomerate  extends  below  this  horizon, 
but  not  of  the  importance  attained  by  those  above.     The  manner 
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of  its  occurrence  is  somewhat  perplexing,  for  it  is  interspersed  among 
the  chocolate-colored  shale  and  does  not  show  the  individuality  of 
the  two  zones  of  heavy  conglomerate  that  lie  at  the  base  and  summit 
of  this  formation  in  the  region  of  Wiley  and  other  canyons  to  the 
west.  Unconformity  between  the  two  formations  probably  exists, 
although  angular  discrepancies  were  not  detected  at  any  point  in 
the  Pico  region.  The  absence,  however,  of  the  heavy  mass  of  sili- 
ceous shale  between  the  Vaqueros  and  the  Fernando  beds  along  the 
lower  northern  slopes  of  the  Santa  Susana  Mountains  is  noteworthy. 
South  of  the  Oak  Ridge-South  Mountain  anticline,  in  the  lofty  upper 
escarpments,  this  shale  attains  a  thickness  of  300  to  500  feet  and 
separates  the  Vaqueros  from  the  Fernando  conglomerate  and  sand- 
stone on  the  southern  slopes  of  the  mountains.  The  absence  of  the 
siliceous  shale  in  one  locality  and  its  presence  in  the  other,  not- 
withstanding the  short  interval  between  the  two,  suggest  uncon- 
formity between  the  Fernando  and  the  underlying  beds.  Moreover, 
there  are  several  areas  over  which  distinct  unconformity  is  observable. 


Main    ridge 


Peak  east  of 

Fryer's 


Fig.  10.— Section  through  Fryers  Peak  east  of  Fryer's  ranch.    Dots  represent  sandstone;  fine  lines, 

shale;  a,  b,  beds  of  shale. 

The  Pico  anticline  has  proved  one  of  the  most  productive  folds  in 
the  Santa  Clara  Valley.  It  exhibits  marked  regularity;  the  fold 
maintains  a  comparatively  uniform  elevation  from  west  to  east  for 
nearly  its  entire  length,  and  the  beds  involved  are  of  uniform  texture 
and  uniformly  disposed  with  reference  to  one  another  and  to  the 
axis  of  the  fold.  The  inference  seems  natural,  therefore,  that  such 
conditions  would  be  favorable  to  the  extended  field  that  has  been 
developed. 

The  northern  slope  of  the  Santa  Susana  Mountains  presents  con- 
siderable regularity  in  the  succession  of  beds  from  the  crest  nearly 
to  the  line  of  the  Pico  oil  field,  but  to  the  south  of  the  crest,  especiallv 
in  the  area  opposite  the  Salt  Creek  drainage  and  the  more  easterly 
tributaries  of  the  Tapo,  there  is  a  conspicuous  crumpling  in  a  zone 
half  a  mile  wide,  trending  N.  70°  W.  The  most  severe  crushing  is  to 
be  s^en  immediately  beneath  the  summit  of  the  range,  where  in  the 
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chocolate-colored  shale  and  its  accompanying  sandstone  of  the  Vaque- 
ros  two  or  three  anticlines,  with  their  intervening  synclines,  occur 
in  close  succession;  indeed,  surface  conditions  suggest  faulting  similar 
to  that  shown  in  fig.  10.  Within  this  zone  or  possibly  slightly  south 
of  it  is  a  dry  well,  the  depth  of  which  is  unknown  to  the* writer.  The 
linear  extent  of  the  zone  is  imknown,  but  disturbance  of  the  strata 
may  be  detected  as  far  as  the  divide  between  the  Simi  and  San  Fer- 
nando valleys,  and  this  series  of  fractures  may  prove  continuous 
with  the  great  fault -suggested  by  the  Whitney  survey  as  south  of  at 
least  the  eastern  half  of  the  Santa  Susana  Range. 

It  is  very  evident  that  there  is  a  pronounced  unconformity  be- 
tween the  Fernando  conglomerate,  sandstone,  and  clay  and  the  older 
formations  of  Miocene,  Eocene,  and  Cretaceous  age  south  of  the  Santa 
Susana  Mountains.  The  line  dividing  the  Fernando  from  the  older 
formations  is,  however,  indicated  only  in  a  general  way  on  the  map, 
for  the  region  was  not  studied  with  a  view  to  geologic  detail,  being 
somewhat  beyond  the  areas  of  developed  oil  fields. 

PRODUCTIVE    FIELDS    OF   THE   PICO   DISTRICT. 

The  productive  fields  of  tne  Santa  Susana  Mountains,  enumerated 
from  west  to  east,  include  those  of  Pico,  Dewitt,  Towsley,  Wiley, 
Rice,  and  East  canyons,  all  on  the  northern  slope.  With  the  excep- 
tion of  those  in  Dewitt  Canyon,  which  are  apparently  on  a  secondary 
crumple,  all  are  ranged  along  the  main  Pico  anticline,  some  to  the 
north,  others  to  the  south  of  the  axis.  The  anticline  apparently 
maintains  a  uniform  elevation  except  at  the  extremities,  where  it 
pitches  east  and  west,  respectively.  This  uniformity  of  level  may 
acx;o\mt  for  the  fact  that  the  anticline  has  been  found  productive  for 
so  large  a  proportion  of  its  length.  This  is  in  marked  contrast  to 
-the  development  along  the  Oak  Ridge  anticline,  the  axis  of  which  is 
decidedly  undulating  and  which  has  been  proved  productive  only 
at  its  point  of  maximum  elevation  opposite  the  town  of  Bardsdale. 
Doubtless  many  other  factors  enter  into  the  explanation  of  the  rela- 
tive productiveness  of  the  two  anticlines,  but  the  conditions  above 
mentioned  are  to  be  considered  in  any  attempt  to  account  for  it. 

Only  a  single  formation,  the  Vaqueros,  is  present  in  the  productive 
oil  fields  of  the  Santa  Susana  Mountains.  Its  correlation  is  based 
on  lithologic  similarity  to  jecognized  lower  Miocene  beds  of  other 
localities,  no  fossils  having  yet  been  found  in  it  in  this  district.  The 
strata  include  a  large  proportion  of  brown  argillaceous  and  arena- 
ceous shale,  much  interbedded  sandstone,  and  considerable  con- 
glomerate. Brown  and  white  bands,  a  feature  characteristic  of  this 
formation  from  Chaffer  Canyon  westward,  are  far  less  conspicuous 
in  front  of  the  Santa  Susana  Mountains,  but  conglomerate  has  a 
much  greater  development.     As   elsewhere,   the   shale   includes   at 
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short  intervals  thin  strata  of  a  siUceous  nature  and  limestones  that 
are  more  or  less  concretionary.  The  sandstones  and  sandy  shales 
are  also  concretionary,  and  here  and  there  a  bed  may  be  found  which 
bears  a  striking  resemblance,  except  for  thickness,  to  the  lower  Modelo 
sandstone  north  of  the  Santa  Clara.  The  entire  series  has  been  more 
or  less  impregnated  with  bitumen,  to  which  is  probably  due,  in  a 
larg9  degree  at  least,  its  brown  color.  Except  for  local  variation  in 
the  materials  composing  these  beds,  there  is  considerable  regularity 
in  their  appearance  as  a  whole,  and  the  general  succession  is  com- 
paratively well  maintained  from  one  end  of  the  region  to  the  other. 
The  local  irregularities  in  composition,  however,  render  it  next  to 
impossible  to  correlate  the  logs  of  wells  a  mile  or  more  apart  along 
the  anticline.  The  dips  are  steep  in  many  places,  yet  the  crushing 
that  is  found  in  the  region .  of  Tapo  and  Torrey  canyons  is  here 
wanting. 

OIL   WELLS. 

PICO   CANYON    WELI^. 

The  wells  of  Pico  Canyon,  which  belong  to  the  Pacific  Coast  Oil 
Company,  are  located  not  far  from  the  west  end  of  the  Pico  anticline, 
which  terminates  in  the  divide  between  Pico  and  Salt  canyons.  In 
the  western  half  of  the  productive  territory  the  axis  of  the  fold  has 
a  distinct  pitch  to  the  west.  Between  40  and  50  wells  have  been 
drilled  in  the  field,  some  more  productive  than  others,  but  nearly  all 
yielding  at  least  a  few  barrels  of  oil.  With  the  exception  of  three  at 
the  upper  forks  of  the  canyon,  all  are  on  the  northern  Umb  of  the 
anticline,  not  far  distant  from  the  axis.  They  are  sunk  not  only  in 
the  canyon,  but  even  on  the  summits  of  the  sharp  knobs  on  either 
side  of  the  gorge,  the  lowest  and  highest  having  a  difference  in  eleva- 
tion of  700  feet.  The  depth  of  the  wells  varies  from  600  to  3,000 
feet.  The  logs  were  not  ascessible  to  the  writer,  but  the  superin- 
tendent stated  that  no  two  holes  showed  the  same  succession  of  beds 
and  that  it  was  impossible  to  distinguish  horizons  as  between  wells. 
It  is  also  stated  that  there  is  no  clearly  defined  horizon  at  which  oil 
occurs.  As  an  instance,  it  is  reported  that  of  three  wells  nearly  in 
line  of  strike,  in  beds  of  approximately  the  same  amount  of  dip,  and 
within  a  distance  of  but  a  few  hundred  feet,  one  afforded  a  certain 
oil  at  a  depth  of  1,600  feet,  another  a  like  oil  at  1,200  feet,  w^hile  the 
third,  midway  between  the  other  two,  was  1,900  feet  deep  and 
showed  not  a  trace  of  oil.  The  superintendent  under  whose  direc- 
tion the  wells  had  been  drilled  suggests  the  possibility  that  the  oil 
passes  from  one  horizon  to  another;  this  is  not  contrary  to  one  or 
two  observed  occurrences,  where  beds  impregnated  with  asphalt, 
originally  petroleum,  have  been  exposed.  Of  the  many  wells  in  this 
canyon  the  three  south  of  the  anticlinal  axis  are  said  not  to  be  so 
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productive  as  those  on  the  north,  yet  other  factors  may  enter  into 
this  difference  besides  the  mere  positions  of  the  wells.  The  general 
strike  of  the  beds  in  the  Pico  field  is  about  N.  55°-60°  W.  The  dip 
north  of  the  axis  is  about.  55°,  south  of  the  axis  65°,  though  locally 
on  each  side  it  is  80°. 

The  average  production  of  the  wells  at  the  present  time  is  from  12  to 
25  barrels,  although  a  few  yield  but  1  to  5  barrels.  At  the  start  some 
wells  produced  as  high  as  80  barrels,  gradually  dropping  to  the  steady 
average  maintained  at  the  present  day.  The  oil  is  green  in  color  and 
its  gravity  38°  to  40°  B.  It  occurs  in  sandstone,  conglomerate,  and 
shale,  but  apparently  the  texture  of.  the  bed  is  without  influence  on 
the  oil.  The  age  of  this  field,  or  the  life  of  its  oldest  well,  is  about 
twenty-eight  years. 

DR    WITT    CANYON    WELLS. 

The  wells  of  Dewitt  Canyon  are  but  three  in  number.  It  is  re- 
ported that  although  they  afford  a  slight  amount  of  oil,  the  yield  has 
never  warranted  operating.  The  well  in  the  main  canyon  is  located 
immediately  south  of  the  axis  of  what  is  apparently  a  secondary  fold 
thrown  off  to  the  north  from  the  Pico  anticline,  midway  between  the 
Pico  field  and  Dewitt  Canyon.  The  other  two  wells  were  not  visited 
by  the  writer,  but  probably  lie  somewhat  to  the  north  of  the  axis  of 
this  fold.  The  formation  penetrated  is  principally  the  brown  shale 
of  the  Vaqueros.  The  strike  of  the  axis  of  the  branch  anticline  is 
more  nearly'east  and  west  than  that  of  the  main  fold  to  the  south. 
The  beds  south  of  the  axis  dip  40°,  and  those  north  of  the  axis  45° 
to  overturned.  The  well  in  the  main  canyon  is  said  to  have  pro- 
duced 1  barrel  of  black  oil  a  day,  of  a  gravity  of  20°  B. 

The  subordinate  anticline  on  which  the  Dewitt  wells  are  located 
may  be  traced  eastward  as  far  as  Wiley  Canyon,  but  no  further 
developments  have  taken  place  along  it,  and  its  appearance  is  in  many 
places  that  of  a  mere  crumple  rather  than  of  a  well-formed  fold. 

TOW8LEY   CANYON    WELLS. 

In  Towsley  Canyon  6  or  7  wells  have  been  drilled,  all  but  1  being 
near  the  axis  of  the  Pico  anticline.  Three  of  the  wells  lie  on  the 
southern  slope  of  the  fold,  the  remainder  on  the  northern  slope.  The 
strike  of  the  beds  is  about  N.  55°  W.  The  northerly  dip  varies  from 
25®  to  65°,  the  southerly  from  25°  to  vertical  and  overturned.  The 
wells  near  the  axis  of  the  fold  yield  oil,  water,  and  gas,  the  3  north  of 
the  axis  producing  somewhat  in  excess  of  those  south  of  it;  all,  how- 
ever, are  small.  One  well,  at  a  distance  of  about  half  a  mile  south  of 
the  axis,  is  dry.  Seepages  of  oil  occur  on  the  axis  on  both  sides  of  the 
canyon.  The  strata  in  the  heart  of  the  anticline  are  brown  shale 
interbedded  with  siliceous  shale  and  carrying  hard  yellow  silico-cal- 
careous  beds  more  or  less  in  the  form  of  concretions.  The  gravity  of 
the  oil  in  this  canyon  is  26°  B. 
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WILEY   CANYON    WELLS. 


The  wells  of  Wiley  Canyon  lie  200  or  300  feet  south  of  the  anti- 
clinal axis.  The  Pacific  Coast  Oil  Company  drilled  13  wells  in  this 
canyon  ranging  from  600  to  1,626  feet  in  depth**.  Only  3,  however, 
were  found  productive.  The  gravity  of  the^oil  is  reported  to  be  30°  B. 
At  the  time  of  the  writer's  visit  to  the  locality  the  Wiley  Canyon  wells 
were  idle. 

RICE  CANYON   WELLS. 

The  producing  wells  of  Rice  Canyon  include  2  of  the  Pacific  Coast 
Oil  Company  and  6  belonging  to  W.  P.  Rice.  The  Pacific  Coast  wells 
are  in  the  bottom  of  the  canyon,  the  Rice  wells  on  the  hill  to  the  east. 
All  are  in  brown  shale  bearing  gray-yellow  concretions  of  limestone. 
These  wells  lie  on  the  south  limb  of  the  Pico  anticline,  comparatively 
near  the  axis.  The  dip  on  this  side  is  22®  to  35*^,  on  the  north  side 
25°  to  75°.  The  crest  of  the  anticline  over  an  area  100  yards  wide  is 
considerably  crumpled.  The  Rice  wells  vary  in  depth  from  825  to 
1,600  feet.  They  yield  gas,  oil,  and  water.  In  No.  5,  the  deepest 
well  at  the  time  of  the  writer's  visit,  oil  sands  are  reported  at  800  and 
1,550  feet.     The  yield  of  the  wells  is  small. 

Farther  up  Rice  Canyon,  one-half  mile  above  the  sharp  turn  from 
east  to  north,  is  the  Newhall  well,  1,500  feet  deep,  but  without  oil. 
The  strike  of  the  beds  is  here  N.  65°  W.  and  the  dip  60°  S.  The  well 
is  only  about  100  feet  north  of  the  axis  of  the  Pico  syncline,  which 
lies  parallel  with  the  anticline  at  a  distance  of  half  a  mile.  The 
strata  penetrated  by  this  well  are  sandstone,  with  some  shale.  The 
horizon  is  considerably  higher  than  that  of  the  Rice  wells. 

EAST   CANYON   WELLS. 

There  are  only  a  few  wells  in  East  Canyon,  and  but  little  informa- 
tion is  available  concerning  them.  Of  the  two  observed  by  the 
writer,  one  is  about  400  feet  south  of  the  axis  of  the  Pico  anticline,  in 
heavy  brown  shale;  the  other  about  an  equal  distance  north,  in  strata 
much  the  same.  The  southern  well  is  known  as  the  Bradshaw  and  is 
said  to  have  yielded  a  small  amount  of  black  oil.  The  one  north  of 
the  axis  is  reported  dry. 

ELSMERE  FIELD. 
LOCATION. 

The  Elsmere  field  comprises  that  portion  of  the  Newhall  district 
lying  east  of  Newhall  Creek  and  extending  as  far  east  as  Los  Pinetos 
Canyon.  The  productive  territory  is  confined  to  the  northwest  end 
of  the  San  Gabriel  Range,  which  terminates  at  Fernando  Pass  and 
Newhall  Creek. 


a  Watts,  W.  L..  Oil  and  gas  yielding  formations  of  California:  Bull.  California  State  Mining  Bur 
No.  19,  1900,  p.  69. 
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GEOLOGY   AND    STRUCTLTIE. 

At  Fernando  Pass,  the  low  point  between  the  Santa  Susana  and 
San  Gabriel  mountains,  there  is  a  break  in  geologic  continuity.  The 
Elsmere  anticline,  described  below,  forms  another  step  in  the  en  Eche- 
lon development  exhibited  by  the  Torrey,  Tapo,  and  Pico  anticlines 
farther  west.  The  Elsmere  fold,  however,  is  hardly  more  than  a 
secondary  flexure  of  gentle  curvatiu-e  on  the  western  flank  of  the  San 
Gabriel  Range. 

The  formations  involved  in  the  Elsmere  field  include  a  vast  body  of 
granite  and  schist,  probably  of  Jurassic  age;  chocolate-colored  shale, 
sandstone,  and  minor  beds  of  conglomerate  bearing  characteristic 
fossils  of  the  Vaqueros  formation;  the  Fernando  (Pliocene)  con- 
glomerate, sandstone,  and  clay;  and  certain  Pleistocene  gravel,  sand, 
and  clay,  already  mentioned  in  the  description  of  the  Pico  anticline, 
that  occupy  what  appears  to  have  been  an  old  lake  basin  coincident 
with  the  present  valley  of  the  Santa  Clara  in  the  vicinity  of  Newhall 
and  Saugus. 

The  granite  and  schist  occupy  the  heart  of  the  San  Gabriel  Range; 
the  other  formations,  except  the  lake  beds,  encircle  its  west  end. 
Although  the  San  Gabriel  Range  is  probably  the  result  of  faulting 
there  is  in  the  encircling  Tertiary  rocks  at  least  one  anticlinal  flexure, 
the  Elsmere.  This  anticline  has  been  developed  in  somewhat  unsym- 
metrical  form,  the  axis  lying  well  toward  the  southern  side  of  the  fold. 
(See  PI.  IV,  sec.  M"-M-M'.)  The  elevation  of  the  strata  north  of  the 
axis  is  maintained  by  minor  flexures,  until  at  a  distance  of  a  mile  or 
more  the  beds  drop  beneath  the  level  of  the  lower  hills  and  pass  to  the 
east,  with  a  N.  70°  E.  strike  and  a  dip  of  25'*-30''  N.  The  syncline 
separating  the  Elsmere  anticline  from  the  Pico  fold  is  suggested  in  the 
curves*  of  the  strata  in  the  creek  southwest  of  Newhall  and  in  one  or 
two  minor  crumples  in  the  Fernando  formation  higher  in  the  hills. 
In  the  Vaqueros  beds  on  the  Santa  Susana  side  there  are  two  folds 
having  a  general  trend  of  N.  60°-70°  W.  One  is  the  eastern  terminus 
of  the  Pico  anticline  and  the  other  of  the  syncline  to  the  south.  These 
folds  do  not  appear  east  of  the  Southern  Pacific  Railroad,  their  trend 
carrying  them  at  this  point  into  the  San  Fernando  Valley,  beneath  the 
level  of  which  the  anticline  sinks.  The  Fernando  formation,  lying 
between  the  two  bodies  of  Vaqueros  east  of  the  railroad,  maintains  a 
southwesterly  to  southerly  dip,  except  immediately  north  of  the  axis 
of  the  Elsmere  anticline,  in  proximity  to  the  more  northerly  body  of 
Vaqueros.  The  relations  of  the  Fernando  to  the  underlying  strata  are 
extremely  irregular  and  the  details  of  the  unconformity  have  not  been 
worked  out.  About  the  northern  base  of  the  San  Gabriel  Range, 
however,  east  of  the  railroad,  this  unconformity  is  readily  discernible. 
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It  is  particularly  marked  in  the  varying  beds  upon  which  the  Fer- 
nando rocks  rest,  showing  that  the  earlier  beds  of  this  formation  were 
deposited  across  the  upturned  edges  of  the  Vaqueros. 

The  source  of  oil  in  the  Elsmere  anticline  is  in  part,  doubtless,  from 
the  sandstone  and  conglomerate  immediately  overlying  the  Vaqueros, 
but  the  numerous  wells  in  Elsmere  Canyon  draw  their  supplies  from 
Vaqueros  strata. 

OIL   WELLS. 

« 
The  Elsmere  oil  field  is  developed  in  the  broad  sweep  of  the  strata 
about  the  west  end  of  the  Elsmere  anticline.  The  companies  operat- 
ing, named  in  order  from  south  to  north,  include  the  Enterprise, 
Zenith,  Eureka  Crude,  Pearl,  Santa  Ana,  and  Pacific  Coast.  The 
Pacific  Coast  wells  are  confined  chiefly  to  the  slopes  and  bottom  of 
Elsmere  Canyon,  although  a  few  are  ranged  along  the  crest  and  west- 
em  face  of  Elsmere  Ridge.  The  Santa  Ana  Company  has  three  wells 
high  up  on  the  north  point  of  this  ridge,  while  the  wells  of  the  other 
companies  are  ranged  along  a  tributary  of  Newhall  Creek,  west  of 
Elsmere  Ridge,  in  proximity  to  the  Los  Angeles  wagon  road.  Roughly, 
the  wells  are  ranged  concentricaUy  about  the  anticline,  the  Enter- 
prise, Pearl,  and  Zenith  lying  farthest  out  and  to  the  west,  the  wells  of 
Elsmere  Ridge  in  a  circle  somewhat  within  these,  and  those  of  the 
Pacific  Coast  Oil  Company  in  Elsmere  Canyon  nearest  the  heart  of 
the  fold.  In  addition  to  the  above  Nettleton  &  Kellerman  have  a 
group  of  three  wells  a  little  farther  north  and  the  New  Century  and 
Freeman  &  Nelson  oil  companies  a  few  wells  in  Placerita  Canyon,  5 
miles  east  of  Newhall.  The  well  of  the  California  Oil  Company,  high 
up  on  the  slopes  of  the  San  Gabriel  Range,  is  said  to  penetrate  a  few 
feet  of  still  older  beds  of  the  Vaqueros  and  then  to  pass  into  granite. 

ENTERPRISE,  PEARL,  AND  7ENITH  WELLS. 

The  Enterprise  well  and  one  of  the  Pearl  Oil  Company  near  by, 
both  but  a  few  feet  south  of  the  axis  of  the  anticline,  are  said  to  be 
between  800  and  1 ,000  feet  deep  and  to  have  failed  to  find  oil.  The 
Zenith  Company,  one-half  mile  north,  has  two  wells  which  penetrate 
yellow  sand  of  considerable  stability;  running  sand,  soft,  blue,  and 
bearing  cobbles;  blue  shale  or  adobe,  as  it  is  called  by  the  drillers; 
and  at  the  bottom  of  the  wells,  600  to  630  feet  below  the  surface,  other 
sands,  together  with  a  few  '^  hard  shells.' '  The  supply  is  derived  from 
the  lowermost  sands  of  these  wells,  beneath  about  230  to  270  feet  of 
"adobe."  The  production  of  the  wells  was  at  first  15  barrels  per  day, 
but  is  now  10  barrels.     The  gravity  of  the  oil  is  19®  B. 

Two  other  wells  of  the  Pearl  Oil  Company,  adjacent  to  the  Zenith 
wells,  have  a  depth  of  665  and  720  feet.  The  deeper  is  as  yet  unfin- 
ished.    Adobe  is  reported  in  it  from  370  feet  down.     In  the  other 
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well  an  oil  sand  was  encountered  at  570  feet,  but  not  until  600  feet 
was  reached  did  the  yield  become  sufficient  to  justify  pumping.  In 
this  well  sand  and  cobbles  are  reported  nearly  all  the  way  down, 
although  it  is  probable  that  in  the  lower  portion  some  adobe  or  clay 
was  encountered.  It  is  almost  certain  that  the  adobe  reported  in  this 
locality  is  but  a  clay  body  of  considerable  extent  held  in  the  sandstone 
and  conglomerate.  It  may,  however,  correspond  in  a  measure  to  the 
great  body  of  blue  clay  observed  in  Pico  Canyon  between  the  lowest 
conglomerate  of  the  Fernando  formation  and  those  next  higher. 
Other  wells  were  in  process  of  drilling  by  these  companies,  but  were 
unfinished  at  the  time  of  the  writer's  visit. 

ELSMERE   RIDGE    WELLS. 

The  depth  of  the  wells  on  the  crest  of  Elsmere  Ridge  (see  PL VII,  B) 
is  said  to  be  approximately  1,000  feet,  but  the  information  is  some- 
what indefinite.  They  are  sunk  in  heavy  sandstone  and  conglomerate 
which  strike  with  the  crest  of  the  ridge,  north  and  south,  and  dip 
25°  W.  The  source  of  the  oil  is  probably  near  the  base  of  the  Fer- 
nando beds,  and  the  production  is  not  heavy.  The  gravity  of  the  oil 
is  reported  as  about  14®  B. 

ELSMERE  CANTON  WELLS. 

Of  the  15  wells  in  Elsmere  Canyon,  which  belong  to  the  Pacific 
Ck>ast  Oil  Company,  but  little  was  learned.  Seven  were  said  to  be  pro- 
ductive, yielding  from  7  to  75  barrels  a  day.  They  are  reported  to 
range  from  400  to  nearly  1,000  feet  in  depth.  Soon  after  the  writer's 
visit  (1902)  the  compatiy  abandoned  its  property  in  this  field. 

NETTLETON   A   KELLERM AN,  WELLS. 

In  the  shallow  gulch  immediately  north  of  Elsmere  Canyon,  per- 
haps a  mile  distant  frorti  the  Elsmere  wells,  is  a  group  of  three  wells 
owned  by  Nettleton  &  Kellerman.  Two  of  these  are  unproductive, 
the  other  yields  10  barrels  per  day,  deriving  its  supply  from  a  depth  of 
1,100  feet.  The  gravity  of  the  oil  is  20''  B.  The  strike  of  the  meas- 
ures is  here  N.  70*^  E.  and  the  dip  23^  N.  The  source  of  the  oil  is 
probably  one  of  the  lower  members  of  the  Fernando  formation. 

WELL  SOUTH   OF   RIIKiE   CREST. 

On  the  southern  slope  of  the  San  Gabriel  Range,  about  a  mile  east- 
southeast  of  Fernando  Pass,  is  a  well  drilled  near  a  brea  deposit.  It 
is  abandoned  and  its  history  was  not  investigated.  It  is  located  on 
the  outcrop  of  the  Fernando  formation,  but  if  any  considerable  depth 
was  reached  it  may  have  passed  into  Vaqueros  beds. 
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PLACBRITA   CANYON   WELLS. 


Pliocene  ' 
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Perhaps  the  most  remarkable  of  all  the  oil  fields  of  California  is  an 
area  of  insignificant  size  in  Placerita  Canyon,  5  miles  east  of  Newhall. 
The  oil  here  is  almost  a  naphtha,  and  its  gravity  is  said  to  be  above  50°. 
The  yield  is  very  slight.  The  remarkable  feature  in  connection  with 
the  oil  is  its  occurrence  in  crystalline  schist  which  overlies  the  San 
Gabriel  granite  and  which  is  in  turn  overlain  at  no  great  distance  from 
the  wells  by  rocks  that  are  believed  to  be  of  the  Fernando  formation. 
Oil  was  discovered  in  shafting  for  gold. 

The  schist  in  which  the  oil  occurs  is  micaceous  and  granitic,  con- 
spicuously banded,  and  greatly  contorted.  It  strikes  approximately 
N.  TO""  W.  and  dips  50°-80°  N.  The  accompanying  diagram  (fig.  11) 
indicates  the  position  of  the  wells.  There  are  six  in  all,  the  three  on 
the  north  belonging  to  the  New  Century  Company  and  those  on  the 
south  to  Freeman  &  Nelson.     The  New  Century  wells  are  nearer  the 

Fernando  sandstone  and  con- 
glomerate,  which    approach 
within  a  few  feet.     It  is  said 
that  one  of  these  wells  spout- 
ed   high    and    that   another 
barely  flowed.     The  deepest 
well  of  the  six  is  the  southern- 
most of  the  Freeman  &  Nel- 
son group,  which  attained  a 
depth  of  1,030  feet.     Oil  is 
reported  in  this  well  at  410, 
613,  and  682  fe^t.     It  is  said 
to  yield  5  or  6  barrels  per 
day,  with  30  or  40  barrels  of 
water  to  each  barrel  of  oil. 
In  a  tributary  of  Placerita  Canyon,  three-fourths  of  a  mile  east  of 
the  wells  described  above  and  in  the  same  schist,  is  the  Pioneer  well, 
1,100  feet  deep.     It  struck  oil,  but  the  yield  could  not  be  learned. 
The  granite  lies  about  three-fourths  of  a  mile  south  of  this  well. 

The  presence  of  oil  under  conditions  similar  to  those  that  exist  here 
is  perhaps  unknown  in  any  other  part  of  the  world.  It  occurs  from 
400  to  1,000  feet  beneath  the  surface  in  a  steeply  dipping  and  close- 
textured  crystalline  schist.  That  a  reservoir,  even  though  smaU, 
exists  in  such  rocks  must  be  due,  it  would  seem,  to  the  fracturing  of 
the  schist,  the  natural  result  of  the  severe  contortion  to  whicn  it  has 
been  subjected.  If  the  oil  originated  in  the  schist,  or  rather  in  the 
sediments  from  which  the  schist  was  metamorphosed,  it  is  beyond 
comprehension  that  it  should  have  remained  in  them  \mder  the  tre- 
mendous pressure  and  heat  to  which  the  strata  have  imquestionably 
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FiQ.  11.— Sketch  map  showing  location  of  Placerita 
C.inyon  wells,  5  miles  east  of  Newhall.  Heavy  dots, 
wells.     Figures  Indlcat-?  numbers  and  depths  of  wells. 
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been  subjected.  Indeed,  it  seems  to  be  an  impossibility  that  such 
can  be  the  history  of  its  development.  Moreover,  the  gravity  of  the 
oil,  between  50^  and  60*^  B.,  is  equally  enigmatical.  Even  if  it  was 
originally  a  high-gravity  oil,  the  lighter  hydrocarbons  would  have  been 
the  first  to  be  given  off  in  the  heat,  pressure,  and  fracturing  to  which 
the  rocks  have  been  subjected,  and  if  anything  remained  it  should 
have  been  the  asphaltic  or  paraffin  residue.  It  may  be  that  the  oil  is 
of  later  origin  or,  in  any  event,  that  it  was  for  a  time  stored  in  another 
reservoir,  perhaps  of  Vaqueros  age,  possibly  even  of  Fernando  age.  It 
is  possible  that  from  such  a  reservoir  the  light  oil,  already  from  some 
cause  separated  from  the  heavy  oil,  may  have  found  its  way  between 
the  two  formations  and  penetrated  the  crystalline  rocks  through  one 
of  their  fractured  zones. 

BuU.  309—07 8 
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THE  PUENTE  HILLS  OIL  DISTRICT,  SOUTHERN 
CALIFORNIA. 


By  George  Romans  Eldridge. 


INTRODUCTION. 

In  the  following  report  it  is  proposed  to  describe  briefly  the  geology 
and  structure  of  the  Puente  Hills,  especial  attention  being  given  to 
those  features  which  appear  to  have  a  bearing  on  the  occurrence  of 
petroleum  in  the  different  fields  of  the  district.  The  reader  is  referred 
to  Mr.  Arnold's  report  on  the  Los  Angeles  district  (pp.  138-142)  for 
information  concerning  the  previous  tnowledge  of  the  region  and  for 
a  bibliography  of  publications  relating  to  it. 
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Acknowledgments  are  due  to  the  various  oil  companies  and  their 
managers  in  the  different  fields  for  assistance  in  various  ways  and  for 
information  given  by  them  during  the  course  of  the  work.  Thanks 
are  due  more  particularly  to  Mr.  Fred  T.  Perris,  manager  of  the  Santa 
Fe  Railway  oil  properties;  to  Mr.  E.  A.  Bacon,  of  the  Murphy  Oil 
Company;  to  Messrs.  Graham  and  Loftus,  of  the  Graham-Loftus  Oil 
Company;  to  Mr.  R.  N.  Bulla,  of  the  Central  Oil  Company,  and  to 
Mr.  Dan  Murphy,  of  the  Brea  Canyon  Oil  Company.  Uniform  cour- 
tesy has  been  shown  by  those  in  control  of  the  different  properties  in 
this  district,  all,  without  an  exception,  furnishing  any  information 
requested. 

liOCATION  ANI>  TOPOGRAPHY. 

The  Puente  Hills,  along  the  southern  face  of  which  has  been  devel- 
oped one  of  California's  most  productive  oil  territories,  are  situated  in 
the  southwest  comer  of  the  State,  beginning  at  a  point  about  12 
miles  slightly  south  of  east  of  Los  Angeles  and  extending  in  a  general 
east-southeasterly  direction  for  22  miles  to  Santa  Ana  River.  They 
cover  an  area,  roughly,  of  about  140  square  miles.  The  western 
and  northern  parts  of  the  hills  lie  in  Los  Angeles  Cotmty;  the  south- 
eastern part  is  divided  between  San  Bernardino  Cotmty  on  the  north 
and  Orange  County  on  the  south.  They  are  situated  but  35  miles 
from  San  Pedro,  the  principal  deep-water  harbor  of  southern  California. 
102 
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The  Puente  Hills  are  the  northwestern  extension  of  the  Santa  Ana 
Mountains,  from  which,  however,  they  are  now  separated  by  the  deep 
canyon  of  Santa  Ana  River,  with  a  fault,  perhaps,  as  an  interruption 
to  the  present  continuity  of  structure.  The  general  trend  of  the  hills 
is  west-northwest.  Their  highest  point,  1,780  feet,  is  San  Juan  Hill, 
on  the  boundary  line  between  San  Bernardino  and  Orange  counties. 
In  the  eastern  half  of  the  hills  numerous  peaks  reach  elevations  between 
1,200  and  1,400  feet,  but  in  the  western  half  this  altitude  is  excep- 
tional. The  base  of  the  hills  Hes  about  400  feet  above  sea  level.  For 
3  or  4  miles  to  the  south  an  altitude  of  200  or  300  feet  is  maintained, 
the  southern  edge  of  this  area  being  defined  by  a  low  ridge  that  lies 
parallel  with  the  hiUs  from  the  region  of  Placentia  to  a  point  opposite 
Whittier.  South  of  this  the  elevation  drops  to  less  than  150  feet, 
decreasing  gradually  to  the  sea. 

The  region  of  the  Puente  Hills  is  dry,  all  the  streams  being  inter- 
mittent. The  canyons  are  deeply  cut  and  in  places  present  consid- 
erable ruggedness  of  aspect.  Nearly  all  are  the  result  of  erosion, 
although  the  loci  of  some  of  the  erosion  valleys  were  doubtless  deter- 
mined by  the  folding  to  which  the  strata  had  been  subjected.  Nar- 
row, i)erpendicular-sided  channels  characterize  the  bottoms  of  many 
of  the  canyons,  especially  those  cutting  through  shale.  In  many 
places,  however,  the  higher  slopes  are  gentle  and  the  hill  siunmits 
rounded  and  grassed. 

GKOL.OGY. 
FORMATIONS.a 

The  formations  involved  in  the  geology  of  the  Puente  Hills  include 
the  Puente  formation,  largely  sandstone  and  shale,  of  Miocene  age 
and  the  equivalent  of  at  least  a  part  of  the  Modelo  formation,  and 
possibly  including  some  of  the  Vaqueros;  some  diabase  post-Puent^, 
probably  contemporaneous  with  similar  rocks  found  throughout  the 
Coast  Range  as  far  north  as  San  Francisco;  clay,  sandstone,  and 
conglomerate  of  the  Fernando  formation,  largely  Pliocene  in  age;  and 
superficial  Pleistocene  deposits  of  sand  and  gravel.  (See  PI.  X.) 
The  Puente  formation  has  been  divided  on  lithologic  grounds  into 
a  lower  shale,  a  sandstone,  and  an  upper  shale. 

LOWER   PUENTE  SHALE.fe 

The  lowest  rocks  exposed  in  the  Puente  Hills,  which  will  be  called 
the  lower  Puente  shale  or  simply  lower  shale,  embrace  at  least  2,000 
feet  of  shale,  in  the  main  earthy,  but  with  minor  members  of  a  sili- 

a  A  table  giving  the  formations  of  the  Santa  Clara  Valley,  Los  Angeles,  and  Puente  Hills  districts^ 
t<^petb«*  with  their  probable  correlatives  of  the  standard  Tertiary  formations  of  California,  is  given 
oa  p.  143. 

h  It  waa  not  the  intention  of  the  authors  to  apply  specific  names  tu  ttie  divisions  of  the  Puente, 
but  to  treat  them  as  unnamed  parts  of  that  formation. 
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ceous  nature,  the  whole  gray  or  brown  from  the  presence  of  iron  and 
bitumen.  Thin,  fine-grained  sandsflones  are  interbedded  with  the 
shale  from  top  to  bottom  and  lenticles  of  gray  limestone  weathering 
yellow  also  occur.  All  in  all,  the  formation  bears  close  resemblance 
to  the  Monterey  and  certain  portions  of  the  Modelo.  The  only  evi- 
dence of  life  thus  far  discovered  consists  of  foraminifera  and  diatoms, 
so  common  in  the  Miocene  of  the  Pacific  coast.  These  occur  in  both 
shale  and  limestone.  The  shale  is  exposed  in  the  heart  of  the  hills 
with  varyiDg  prominence;  its  outcrop  is  especially  strong  from  Brea 
Canyon  westward  and  in  the  southeastern  portion  of  the  hiUs.  To 
judge  by  the  sequence  of  beds  in  other  parts  of  southern  California, 
this  shale  is  probably  underlain  by  a  mass  of  coarse  sandstone. 

PUENTE   SANDSTONE. 

Overlying  the  shale  is  a  moderately  coarse  gray  to  yellow  heavy- 
bedded  sandstone,  separated  by  minor  bands  of  organic  siliceous  shale. 
Spherical  and  lenticular  concretions,  consisting  of  the  same  material 
as  the  mass  of  the  rock,  characterize  the  sandstone.  The  lower  por- 
tion of  the  sandstone  is  more  thinly  bedded  than  the  upper,  and  the 
intercalated  shale  is  more  earthy,  suggesting  a  transition  to  the  under- 
lying member.  This  feature  is  especially  conspicuous  along  lower 
Soquel  Canyon.  The  thickness  of  the  sandstone  varies  from  perhaps 
less  than  300  feet  in  the  western  portion  of  the  hills  to  possibly  over 
1,000  feet  in  the  eastern  portion,  where  it  lies  in  a  gently  undulating 
position,  and  its  areal  extent  is  very  great.  The  sandstone  is  wanting 
in  outcrop  along  the  southern  face  of  the  hills  opposite  the  wells  of 
the  Puente  Oil  Company. 

UPPER    PUENTE   SHALE. 

Overlying  the  Puente  sandstone  is  a  variable  thickness  of  earthy, 
siliceous,  and  chalk-like  shale,  with  a  few  beds  of  fine  yellow  ferrugi- 
nous sandstone  and  minor  quartzo-calcareous  concretions.  This  por- 
tion of  the  formation  will  be  called  the  upper  Puente  shale,  or  upper 
shale.  The  thickness  is  uncertain,  but  in  the  region  of  the  Olinda 
field  it  appears  to  be  considerably  less  than  it  is  believed  to  be  in 
the  western  portion  of  the  hills.  Nowhere,  perhaps,  is  it  more  than 
300  or  400  feet  in  outcrop.  However,  the  overlying  formation  rests 
upon  it  unconformably,  and  for  this  reason  it  is  impossible  to  estimate 
its  full  original  thickness.  In  doubtful  structural  positions  only  has  it 
been  suspected  of  having  a  development  of  over  100  feet.  The  most 
important  instance  of  this  kiftd  is  on  the  eastern  border  of  the  Whittier 
field,  where  the  crest  of  the  hills  shows  the  following  section  from 
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north  to  south :  In  the  axis,  shale  that  is  believed  to  be  the  lower  divi- 
sion of  the  Puente;  at  the  southern  edge  of  the  crest,  sandstone  that  is 
identified  as  Puente,  200  or  300  feet  in  all ;  and  on  the  southern  face  of 
the  ridge,  other  shale,  also  of  the  Monterey  type,  bearing  the  fossil  Pec- 
ten  pedroanuSj  and  succeeded  across  a  fault  plane  by  the  next  younger 
(Fernando)  formation.  The  uppermost  two  beds  have  a  northerly 
dip;  the  inclination  of  the  Puente  sandstone  is  exceedingly  steep,  with 
a  dip  here  north  and  there  south,  and  a  consequent  uncertainty  as  to 
which  of  these  directions  is  the  normal.  The  shale  in  the  heart  of  the 
hills  is  crushed  and  crumpled.  Were  it  not  for  this  extensive  crum- 
pling and  the  attendant  faulting  the  sequence  given  above  might  be 
regarded  as  normal;  yet  an  alternative  is  possible,  namely,  that  the 
suspected  uppermost  shale,  with  its  northerly  dip,  occupying  the 
southern  face  of  the  ridge  adjacent  to  the  fault  line,  may  be  instead 
the  lower  member  and  pass  beneath  the  highly  inclined  Puente  sand- 
stone at  the  crest  of  the  ridge,  the  two  together  being  faulted  down 
against  the  lower  shale  farther  north,  or  that  it  may,  by  a  sharp  rever- 
sal of  its  dip,  again  return  to  the  surface  in  a  compressed  and  broken 
synclinal  fold. 

CORRELATION    OF   THE    PUENTE    FORMATION    WITH   THE 

MONTEREY. 

The  resemblance  of  both  lower  and  upper  divisions  of  shale,  if  such 
there  be,  to  the  Monterey,  as  it  is  known  in  other  parts  of  the 
Coast  Range,  may  warrant  their  correlation,  the  Puente  sandstone  to 
be  regarded  as  an  intercalated  member.  Yet,  before  finally  accepting 
this  view,  it  is  well  to  recall  the  marked  lithologic  similarity  of  portions 
of  the  lower  division  of  the  Puente  formation  to  certain  strata  in  the 
Santa  Clara  Valley  and  elsewhere  in  the  Coast  Range  that  have  been 
determined  by  their  fossils  to  be  lower  Miocene  and  possibly  Oligo- 
cene — lower  than  the  Monterey.  From  geologic  conditions  to  the 
south  of  the  Puente  Hills  in  the  Santa  Ana  Range,  however,  the 
writer  is  inclined  to  consider  the  entire  succession  of  beds  described 
above  as  the  local  equivalent  of  the  Monterey.  The  only  fossil  thu« 
far  obtained  from  the  Puente  shales  is  Pecten  pedroanus  Trask  (see  PI. 
XXXVI,  figs.  5  and  6),  a  form  which  is  found  both  in  the  Miocene  and 
lower  PUocene.  A  nearly  related  form,  Pecten  peclrhami  Gabb  (PI. 
XXXI,  fig.  3),  is  a  characteristic  species  of  the  Monterey  (middle  Mio- 
cene). 
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POST-PUENTE   DIABASE. 

A  dike  of  diabase  nearly  a  mile  long  and  varying  in  width  up  to  an 
eighth  of  a  mile  breaks  through  the  Puente  sandstone  and  shale  along 
the  southern  slope  of  the  hills  north  of  the  mouth  of  Brea  Canyon. 
The  exposed  portions  of  the  rock  are  so  much  weathered  that  good 
specimens  could  not  be  obtained.  The  altered  material  is  grayish  in 
color  and  shows  the  Ught-colored,  lath-shaped  feldspar  crystals  very 
distinctly  in  the  specimens  examined.  The  outcrop  of  this  rock  in  the 
face  of  the  ridge  north  of  the  road  connecting  the  Puente  and  Brea 
Canyon  fields  has  the  peculiar  irregular  contour  which  enables  one  to 
distinguish  it  at  a  glance  from  the  adjacent  sedimentaries.  Farther 
east  the  weathering  of  the  diabase  has  stained  the  soil  a  peculiar  red- 
dish-brown color  characteristic  of  the  diabase  areas  throughout  the 
Coast  Range.  The  age  of  this  diabase  is  approximately  the  same  as 
that  of  similar  diabase  found  in  the  Santa  Monica  Mountains  in  a  like 
stratigraphic  position — that  is,  it  is  post-Puente  and  pre-Femando 
and  belongs  in  the  upper  Miocene  of  the  time  scale. 

FERNANDO    FORMATION, 

The  youngest  of  the  Tertiary  formations  in  the  Puente  Hills  is  a 
succession  of  gray  to  yellow  quartzose  and  granitic  conglomerate  and 
sandstone,  together  with  interbedded  arenaceous  shale  and  clay,  in  all 
at  least  1,500  or  2,000  feet.  Occasionally  a  trace  of  eruptive  debris, 
derived  perhaps  from  the  ranges  to  the  north,  is  found  with  the  other 
constituents,  and  locally  a  concretionary  tendency  may  be  observed. 
At  one  or  two  points,  also — notably  on  the  crest  of  Brea  Ridge  south 
of  the  Union  Oil  Company's  wells  and  on  the  main  ridge  north  of  the 
wells  of  this  company  in  La  Habra  Canyon — the  formation  appears  to 
carry  a  few  inclusions  of  siUceous  shale  and  •calcareous  concretions. 
The  conglomerate,  sandstone,  and  clay  are  fossiliferous,  the  forms  indi- 
cating an  identity  of  the  beds  with  the  Fernando  of  the  Santa  Clara 
Valley  district.  A  feature  characteristic  of  this  formation  is  the 
ready  disintegration  of  its  sandy  shale,  which  under  heavy  traffic 
becomes  an  extremely  annoying  dust.  This  formation  flanks  the 
Puente  Hills  on  the  north,  south,  and  west  sides.  It  also  covers  a 
large'  area  in  the  Coyote  Hills,  3  miles  south  of  La  Habra  Canyon,  and 
here  some  exposures  of  its  sandstone  show  a  deep  rusty  or  crimson 
color. 

The  following  fossils,  some  of  which  are  characteristic  of  this  hori- 
zon, have  been  found  in  the  Fernando  beds,  mostly  in  the  vicinity  of 
Olinda  and  Brea  Canyon  (see  PI.  XXXTV  to  XLI) : 
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Fossils  from  the  Fernando  beds  of  the  Puente  HiUs. 

[Spedoa  marked  with  an  asterisk  (*)  are  still  living;  those  with  a  dagger  (t)  are  supposed  to  be  charac- 
teristic of  this  horison.] 

GASTEROPODA  (UNIVALVES). 

*  Afltyris  (cf.)  gausapata  Gould. 
*Bulla  (cf.)  punctulata  A.  Adams. 
*CalIioetoma  (cf.)  costatum  Martyn. 
fCancellaria  (ep.  like  San  Diego  well  form). 
*Conu8  (cf.)  califomicus  Com^. 
*Crepidula  (cf.)  rugosa  Nuttall. 
'^Dentalium  neohexagonum  Sharp  and  Pilsbry. 

Dentalium  (n.  sp.  like  Miocene  form). 
*Fia8uridea  mnrina  Carpenter  (PL  XL,  figs.  3,  3a). 

FuBUs  cf.  barbarensis  Trask. 
*Na88a  foesata  Gould. 
*Na88a  perpinguis  Hinds. 

*Neverita  recluziana  Petit  (PL  XXXVIII,  fig.  6). 
tPriene  oregonensis  Redfield,  var.  angelensis  Arnold  (PL  XL,  fig.  11). 
tTrochita  coetellata  Conrad  (PL  XXXII,  fig.  3). 
*Trophon  multicostatus  Carpenter. 
•Turritella  cooperi  Carpenter  (PL  XLI,  fig.  14). 

PELECYPODA    (BIVALVES). 

*Arca  multicoetata  Sowerby  (?)  (PL  XXXVIII,  fig.  1). 

Area  trilineata  Conrad  (PL  XXXVIII,  figs.  3,  3a,  4). 
•Cardium  (cf.)  corbis  Conrad. 
*Cardium  quadrigenarium  Conra<L  var.  fernandoensis  Arnold  (PL  XXXVIII, 

fig.  2). 
*Cliione  (cf.)  fluctifraga  Sowerby. 
*Leda  taphria  Dall  (PL  XXXVIII,  fig.  5). 
♦Metis  (cf.)  alta  Conrad. 
•Modiolus  (cf.)  rectus  Conrad. 
tOstrea  veatchii  Gabb  (PL  XXXIX,  fig.  1). 
tPecten  ashleyi  Arnold  (PL  XXXIV,  fig.  2). 
tPecten  auburyi  Arnold  (PL  XXXV,  fig.  7). 
*Pecten  hastatus  Sowerby. 
tPecten  nutteri  Arnold. 
tPecten  oweni  Arnold. 
tPecten  wattsi  Arnold  (PL  XXXV,  fig.  1). 
*PhacoideB  acutilineatus  Conrad. 
*Phacoide8  califomicus  Conrad. 
*Phacoide8  nuttall ii  Conrad. 
•Phacoides  richthofeni  Gabb. 

Siliqua  edentula  Gabb. 
*Solen  sicarius  Gould. 

PLEISTOCENE. 

Alluvial  gravel,  sand,  and  clay  of  one  or  more  periods  of  deposition 
underlie  the  valleys  adjacent  to  the  Puente  Hills. 
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STBirCTITRK. 

GENERAL  STRUCTURAL   RELATIONS  OF  THE  FIELDS. 

The  structure  of  the  Puente  Hills  is  that  of  an  anticline,  contracted 
in  the  western  part,  expanded  in  the  eastern.  The  main  axis  of  the 
flexure  is  not  everywhere  easy  of  recognition,  owing  to  the  prominence 
of  some  of  the  nearly  parallel  secondary  folds  that  exist  throughout 
the  length  and  breadth  of  the  hills,  but  the  line  laid  down  on  the  map 
(in  the  eastern  half  of  the  hills — the  northern  branch)  approximately 
indicates  the  axis  of  the  anticline.  The  general  trend  of  the  Puente 
fold  is  N.  65°  W.,  varying  but  a  few  degrees  in  either  direction. 
Besides  the  main  and  parallel  or  slightly  divergent  secondary  folds, 
there  are  several  flexures,  with  a  trend  approximately  northeast  and 
southwest.  These  are  particularly  developed  on  the  northern  slope 
of  the  main  anticline  in  the  eastern  half  of  the  hills.  The  most  impor- 
tant is  the  broad,  gentle  arch  occupying  the  region  of  the  forks  of  Brea 
Canyon,  and  to  this  is  due,  in  considerable  degree,  the  areal  expansion 
of  the  Puente  Hills  in  their  eastern  part.  The  eastern  rim  of  the  hills 
presents  several  complications  of  strike  and  dip,  doubtless  more  or 
less  connected  in  structure  with  the  Santa  Ana  Range  Uy  the  south. 
(See  PL  XI.) 

The  south  side  of  the  Puente  Hills  is  devoid  of  folds  other  than  those 
secondary  to  and  parallel  with  the  main  anticline.  On  this  side  of 
the  hills,  however,  the  force  which  produced  the  anticline  has  most 
severely  manifested  itself,  the  folds  being  sharp  and  numerous  and 
the  strata  badly  crushed.  Indeed,  the  data  at  hand  suggest  the  pos- 
sibility of  a  fault  of  considerable  magnitude,  extending  from  the 
extreme  west  end  of  the  hills  nearly  or  quite  to  Santa  Ana  River.  The 
amount  of  throw  is  indeterminable,  but  local  displacements  of  several 
hundred  feet  are  indicated  by  the  relation  of  the  beds.  The  con- 
tinuity of  the  fault,  considered  as  a  single  fracture,  is  not  established. 
On  the  contrary,  it  is  probable  that  within  the  zone  of  maximum  dis- 
turbance there  are  a  number  of  fractures,  more  or  less  connected,  it 
may  be,  yet  throughout  a  part  of  their  course  apparently  distinct — in 
fact,  a  zone  of  faults  instead  of  a  single  uninterrupted  break.  The 
chief  evidences  of  faulting  are  the  continuity  of  a  zone  of  marked 
crumpling,  the  overturned  and  crushed  condition  of  the  beds  at  many 
points,  variation  in  the  succession  of  beds  adjacent  to  the  line  of  sus- 
pected fracture,  and  a  divergence  between  trend  of  break  and  strike 
of  strata,  particularly  well  defined  in  the  Whittier  field.  On  the  other 
hand,  the  line  of  possible  fractures  is  at  no  point  far  distant  from  the 
contact  between  the  Fernando  and  the  Puente  formations,  and  it  is 
well  known  that  throughout  the  Coast  Range  there  is  a  conspicuous 
imconformity  at  this  horizon.     Without  doubt  the  unconformity  is 
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present  in  this  field,  and  it  is  probable,  too,  that  the  younger  sedi- 
ments, as  has  been  found  the  case  with  their  equivalents  elsewhere, 
were  laid  down  upon  the  already  upturned  and  partially  eroded  beds 
of  the  older  formation.  This  would  account  for  many  of  the  irregulari- 
ties noted  along  the  length  of  the  disturbed  belt,  but  the  broken  con- 
dition of  the  beds  on  either  side  of  the  line  of  suspected  fracture  and 
the  steeply  inclined,  in  many  places  overturned,  dip  of  the  Fernando 
sediments  in  proximity  thereto  indicate  a  combined  effect  of  faulting 
and  unconformity  for  the  zone  in  question.  The  conditions  are  almost 
a  repetition  of  those  in  the  McKlittrick  district,  in  the  San  Joaquin  Val- 
ley, along  the  eastern  base  of  the  Coast  Range.  The  oil  fields  of  the 
Puente  Hills  have  been  developed  in  the  zone  of  sharp  crumpling  and 
in  proximity  both  to  the  trace  of  the  possible  fault  and  to  the  line  of 
unconformity;  the  important  wells  of  the  McKittrick  district  have 
been  drilled  along  the  fracture  and  adjacent  to  the  unconformity  there 
existing.  A  guide  to  development  has  been  the  numerous  seepages 
that  occur  along  the  belt  of  severely  disturbed  strata;  but  these  have 
not  always  proved  reliable  indications  of  a  large  accumulation  of  oil. 

COYOTE   HILLS   ANTICLINE. 

The  low  east-west  ridge  known  as  the  Coyote  Hills,  3  or  4  miles 
south  of  the  Puente  Hills,  is  an  anticline  which  flanks  and  is  in  a 
general  way  parallel  with  the  Puente  fold  and  was  probably  devel- 
oped synchronously  with  it.  The  exposed  strata  in  the  west  end  of 
the  Coyote  Hills  are  the  Fernando  conglomerate  and  sandstone,  but 
no  data  were  obtained  indicating  how  thick  they  are  at  this  locality 
or  at  what  depth  the  underlying  Puente  shale  and  sandstone  lie. 
No  seepages  have  been  found  in  these  hills,  but  toward  their  west 
end,  3  or  4  miles  south  of  Whittier,  is  a  large  gas  well.  It  is  proba- 
ble that  oil  also  exists  in  the  crest  of  this  anticline,  but  at  what 
dQpth  and  in  what  quantities  only  future  development  will  show. 
Some  of  the  most  productive  wells,  however,  are  located  in  regions 
where  the  structure  is  similar  to  that  of  this  ridge. 

GKOT.OGIC  KELATIONS  OF  OIT^-BKAKIXCi   STRATA. 

The  distribution  of  the  surroundiug  mountain  masses  and  the  posi- 
tion of  the  Puente  Hills  in  relation  thereto  do  not  appear  to  have 
influenced  the  accumulation  of  oil.  On  the  contrary,  the  significant 
factors  appear  to  be  the  anticline,  the  sharply  disturbed  zone  along 
its  southern  side,  the  fault  that  seems  to  be  located  within  this  zone, 
and  the  unconformity  between  the  Fernando  and  the  Puente  forma- 
tions. Finally,  all  the  foregoing  conditions  would  be  unavailing  had 
not  the  formation  of  petroleum  taken  place  somewhere  within  the 
succession  of  beds  in  the  close  vicinity  of  the  hills. 
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All  the  sedimentary  formations  in  the  Puente  Hills,  at  one  horizon 
or  another,  cany  petroleum  or  its  asphaltic  residue.  In  the  region 
developed  by  the  Puente  Oil  Company,  near  the  center  of  the  pro- 
ductive belt,  oil  is  derived  from  sandy  strata  low  down  in  the  lower 
division  of  the  Puente  shale.  The  Puente  sandstone  is  bituminous  at 
several  points,  particularly  along  the  eastern  crest  of  the  hills, 
although  as  yet  it  affords  no  oil.  The  upper  shale,  also  unproductive, 
nevertheless  carries  a  small  content  of  disseminated  oil.  The  Fer- 
nando formation  has  proved  extremely  rich  in  several  localities. 
The  presence  of  oil  at  the  horizons  mentioned  is  not,  however,  an 
argument  for  their  productiveness  at  all  points.  The  factors  of 
structure  and  of  the  original  occurrence  or  formation  of  petroleum 
are  always  to  be  considered. 

While  it  is  evident  that  severe  disturbance  of  the  strata  has  been 
the  chief  determinant  of  the  presence  and  development  of  the  suc- 
cession of  oil  fields  along  the  southern  face  of  the  Puente  Hills,  such 
occurrences  as  that  of  the  Chino  field,  on  the  eastern  crest  of  the 
hills,  5  miles  southwest  of  the  town  of  Chino,  are  evidences  of  the 
possibilities,  under  right  conditions,  in  the  regions  of  subordinate 
folds.  As  yet,  however,  prospecting  of  the  secondary  and  lateral 
anticlines  has  been  but  slight. 

OIL.  FIEIil>8. 

The  developed  oil  fields  of  the  Puente  Hills  include  the  Whittier, 
immediately  east  of  Whittier;  the  La  Habra,  on  La  Habra  ranch, 
3  miles  southeast  of  the  Whittier  field;  the  Puente,  on  the  summit 
of  the  ridge  in  its  most  contracted  portion;  the  Brea  Canyon,  IJ 
miles  southeast  of  the  Puente  field;  the  Olinda,  on  Olinda  ranch, 
7  miles  northeast  of  Fullerton,  and  the  Chino,  about  5  miles  south- 
west of  Chino.  The  last-mentioned  field,  although  within  the  gen- 
eral anticline  of  the  Puente  Hills,  is  independent  of  the  other 
petroleum-producing  areas,  which  lie  at  intervals  along  the  belt  of 
highly  disturbed  strata  on  the  south  side  of  the  hills.     (PI.  XII.) 

WHITTIER  FIELD. 
LOCATION. 

The  producing  territory  of  the  Whittier  oil  field  lies  on  the  south- 
em  slope  of  the  Puente  Hills,  beginning  within  a  mile  of  the  town 
of  Whittier  and  extending  in  a  S.  65°  E.  direction  about  2  J  miles. 

GEOLOGY. 

The  field  is  developed  along  the  south  side  of  the  well-defined 
Puente  fault  zone,  in  southward-dipping  conglomerate,  sandstone, 
and  argillaceous  beds  of  the  Fernando  formation,  which  successively 
abut  against  different  members  in  the  siUceous  and  other  shales  of 
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the  Puente  that  he  with  varied  dip  on  the  north  of  the  fault.  The 
Une  of  producing  wells  trends  N.  65°  W.,  in  marked  divergence  with 
the  strike  of  the  formations,  which  varies  but  little  on  either  side  of 
an  east-west  line.  The  wells,  in  other  words,  follow  the  trend  of  the 
fault  rather  than  the  strike  of  the  beds,  and  in  the  Fernando  forma- 
tion the  oil  horizons  vary  with  the  strata  that  are  brought  into  con- 
tact with  the  shale  across  the  fracture  plane.  In  the  eastern  portion 
of  the  field,  for  example,  the  petroleum  is  in  beds  considerably  higher 
than  in  the  western  portion.  An  apparent  exception  to  tliis  ten- 
dency of  well  development  to  follow  the  fault  plane  exists  in  the 
long  parallel  strings  of  Murphy  and  Central  wells  that  lie  on  either 
side  of  an  east-west  property  line,  a  Httle  north  of  the  south  line  of 
sec.  23,  T.  2  S.,  R.  11  W.  (See  PL  XIII,  A.)  These  wells  closely 
follow  the  strike  of  the  formation,  with  which,  however,  the  prop- 
erty line,  the  determining  factor  in  their  location,  happens  to  be 
nearly  coincident. 

North  of  the  plane  of  separation  of  the  Fernando  and  Puente  for- 
mations the  wells  drilled  in  the  Puente  beds  have  been,  with  a  few 
unimportant  and  slight  exceptions,  total  failures.  It  would  seem, 
therefore,  that  for  this  field  the  productive  belt  is  in  the  Fernando 
formation  adjacent  to  the  plane  of  fracture  or  of  imconformity.  The 
width  of  this  belt  is  uncertain,  but  is  at  least  between  a  quarter  and 
half  a  mile,  and  the  oil  is  found  at  greater  depths  in  proportion  as  it 
is  distant  from  the  line  of  fracture.  The  strata  aflFording  oil  in  the 
Whittier  field  are  members  of  the  Fernando  formation  and  consist 
of  coarse  gray  to  yellow-brown  conglomerate,  heavy-bedded  sand- 
stone, and  pulverulent  argillaceous  sand  that  shades  locally  into  dis- 
tinctly arenaceous  clay.  Here  and  there  the  clay  has  been  hard- 
ened by  the  presence  of  lime,  and  in  some  of  the  sandstone  also  there 
are  hard  quartzo-calcareous  concretions,  such  as  have  been  ob- 
served in  this  formation  at  other  points  in  the  hills.  Locally,  also, 
the  sandstone  shows  the  presence  of  more  or  less  dry  bitumen,  which 
imparts  to  the  rock  a  brown  color.  The  exact  position  of  these  beds 
in  the  formation  as  a  whole  is  unknown,  by  reason  of  faulting,  because 
of  the  imconformity  which  exists  between  the  Fernando  and  the 
underlying  formations,  and  from  the  fact  that  as  yet  the  various 
divisions  have  not  been  identified  and  correlated  by  their  fossil  con- 
tents. Furthermore,  there  is  an  apparent  variation  in  composition 
along  the  strike  of  the  formation.  The  relative  position  of  the  beds  in 
the  eastern  and  western  portions  of  the  productive  tract  may,  how- 
ever, be  traced  with  comparative  precision  by  reference  to  strike  lines 
which  vary  but  little  from  east  and  west;  a  heavy  conglomerate,  for 
instance,  which  lies  a  quarter  of  a  mile  south  of  the  Murphy  and  Cen- 
tral weUs  in  the  eastern  part  of  the  field  is  found  fully  half  or  three- 
fourths  of  a  mile  south  of  the  Home  wells  in  the  western  part.     Other 
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conglomerates  that  in  the  vicinity  of  the  Home  wells  outcrop  in  close 
proximity  to  the  fault  line  may  be  those  cut  at  considerable  depth  in 
the  Murphy  and  Central  group. 

The  Puente  shale  north  of  the  fault  line  is  in  part  siliceous,  in  part 
earthy,  and  in  places  it  is  brown  from  the  presence  of  bitumen  as  well 
as  of  iron.  In  many  of  the  layers  may  be  found  traces  of  the  low 
organisms,  foraminifera,  etc.,  which  are  usually  present  in  the  Miocene 
formations,  especially  the  Monterey.  Limestone  concretions  also 
occur.  Whether  the  shale  outcropping  adjacent  to  the  fault  belongs 
above  the  Puente  sandstone  or  below  was  not  positively  determined. 
All  three  divisions  of  the  formation  perhaps  occur  at  one  point  or 
another  in  the  field,  but  the  contorted  and  faulted  condition  of  the 
beds  requires  the  utmost  detail  of  study  for  their  successful  correla- 
tion, and  this  the  present  reconnaissance  did  not  permit.  It  is  sufiB- 
cient  for  the  immediate  purposes  of  this  report  that  the  Miocene  shale 
(Puente)  has  been  identified  in  faulted  or  unconformable  contact 
with  the  oil-bearing  members  of  the  Fernando. 

The  number  of  oil-bearing  horizons  in  the  Fernando  formation 
adjacent  to  the  fault  line  and  the  fact  that  they  are  in  contact  with 
the  bituminous  shale  of  the  Puente  suggest  a  passage  of  the  oil  from 
the  older  formation  into  the  various  members  of  the  younger,  the 
fault  having  been  not  only  a  disturbing  element  affecting  the  positions 
of  the  strata,  but  also,  perhaps,  the  means  of  affording  a  channel  for 
the  transfer  of  the  fluid  from  the  entire  thickness  of  Puente  shale  to 
the  several  horizons  of  the  Fernando.  The  fault  plane,  in  fact,  here 
seems  to  have  perfom^ed  in  an  enhanced  degree  the  same  function  as 
the  plane  of  unconformity  between  the  two  formations,  so  conspicuous 
an  element  in  many  of  the  oil  fields  of  California.  The  younger  for- 
mation of  open,  porous  sandstone  and  conglomerate  lies  in  contact 
with  the  bitumen-bearing  shales  of  the  Puente;  in  the  one  instance  by 
faulting,  in  the  other  by  deposition.  In  both  instances  the  receptive 
strata  of  the  younger  formation,  which  happen  to  lie  against  or  upon 
the  older  beds,  have  become  impregnated  with  the  bitumen  capable  of 
removal  through  wells. 

That  the  surficial  relation  between  the  Fernando  and  the  Puente 
beds  is  one  of  faulting  rather  than  simple  unconformity  is  argued  from 
the  irregularities  of  strike  and  dip  of  the  various  strata,  but  beneath 
the  surface  the  unconformity  which  exists  at  the  base  of  the  upper 
Miocene  at  almost  every  point  in  the  Coast  Range  is  imdoubtedly  also 
present. 

STRUCTURE. 

The  nature  of  the  Puente  fault  zone  is  exhibited  in  a  complex  of 
fractures  observable  a  few  hundred  feet  north  and  northwest  of  the 
principal  group  of  Central  wells.     It  consists  of  two  principal  breaks. 
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The  southern,  in  the  eastern  half  of  the  field,  receives  at  an  acute 
angle  the  axis  of  an  anticlinal  fold,  which  in  the  region  of  the  Chandler 
wells  is  conspicuously  developed  in  the  Fernando  formation  te  the 
south  of  all  recognized  fault  planes.  The  northern  break  is  traceable 
but  a  short  distance  to  the  east ;  but  in  alignment  with  it,  a  mile  dis- 
tant, is  a  sharp  crumple  in  Puente  strata.  West  of  the  Murphy-Cen- 
tral region  the  fault  zone  resulting  from  the  union  of  the  fractures  thus 
described  passes  immediately  north  of  the  productive  wells  of  the 
Fidelity,  Turner,  and  Home  companies  and  thence  toward  the  west 
end  of  the  hills.  The  block  between  the  two  faults  just  mentioned 
involves  both  the  Fernando  and  Puente  formations.  The  foregomg 
details  derive  their  chief  interest  from  their  possible  bearing  on  the 
occurrence  and  yield  of  petroleum  in  the  region  discussed. 

Toward  the  west  end  of  the  Whittier  field,  especially  in  the  vicinity 
of  the  Home  Oil  Company's  wells,  the  Fernando  beds  appear  to  be 
slightly  overturned.  (See  PI.  XI,  sec.  A-B.)  North  of  the  fault 
line,  in  a  little  ravine  north  of  Home  well  No.  11,  the  Puente  shale 
inclines  to  the  north  at  an  angle  of  about  25*^,  while  immediately  adja- 
cent to  the  fracture  it  dips  southward  at  a  steep  angle.  The  Fernando 
beds  next  to  the  fault  are  approximately  perpendicular,  but  a  little 
farther  south,  in  fact  as  far  as  Home  well  No.  7,  they  dip  to  the  north 
at  angles  varying  from  lb""  to  90°.  (See  PI.  XIII,  B.)  A  short  dis- 
tance south  of  well  No.  7,  however,  the  dip  changes  to  75°  or  80°  S.  in 
rather  coarse  conglomerates,  while  the  inclination  of  the  alternating 
bands  of  •sandstone  and  conglomerate  from  this  latter  point  south- 
w^ard  to  the  edge  of  the  hills  gradually  becomes  less. 

The  conditions  in  the  vicinity  of  the  East  Whittier  and  Bulla  wells, 
near  the  west  edge  of  sec.  24,  T.  2  S.,  R.  11  W.,  have  already  been 
referred  to  on  page  111,  under  the  heading  ''Geology.''  (See  PI.  XI, 
sec.  C-D.)  A  short  distance  south  of  the  crest  of  the  hills,  in  the 
region  of  the  Bulla  wells,  the  strata  show  sharp  compression,  together 
with  a  distinct  break  in  stratigraphic  continuity,  Fernando  con- 
glomerate abutting  against  Puente  shale,  both  dipping  north.  The 
relationship  between  the  formations  appears  to  mark  the  locus  of  a 
fault  in  this  region.  The  line  of  division  is,  moreover,  in  the  direct 
trend  of  the  suspected  fracture  as  recognized  farther  west.  North 
of  the  fracture  the  Puente  shale  and  sandstone  lie  in  somewhat  eon- 
fused  relationship;  it  is  possible  that  a  second  fault  parallels  the 
main  fracture,  or  it  may  be  that  the  strata  are  folded  into  a  sharply 
compressed  syncline. 

OIL   WELLS. 

The  wells  of  the  Whittier  field  draw  their  supply  wholly  from  the 
members  of  the  Fernando  formation.  They  range  in  depth  from 
»bout  800  feet  close  to  the  fault  line  to  nearly  2,500  feet  at  a  distance 
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from  the  break,  the  width  of  the  productive  zone  as  at  present  devel- 
oped varying  from  an  eighth  to  a  quarter  of  a  mile.  The  sandy 
members  of  the  formation,  rather  than  those  of  clayey  consistency, 
yield  the  petroleum,  although  in  some  instances  the  material  is  com- 
paratively fine,  while  in  others  it  is  coarse  and  even  conglomeratic. 
The  gravity  of  the  oil  varies  from  16°  to  23°  B.,  the  higher  grade 
being  reported  from  greater  depths,  although,  perhaps,  from  younger 
beds.  It  is  to  be  remarked  also  that  some  of  the  shallow  wells  are 
the  older  and  that' their  condition  is  now  far  from  satisfactory,  water 
having  in  many  instances  found  its  way  into  oil-bearing  strata,  with 
the  consequent  effects  of  oxygenation  and  the  transmission  of  more 
or  less  impurities.  The  daily  production  of  the  wells  is  said  to  vwy 
from  2  barrels  in  the  oldest  to  300  in  the  newest  and  deepest. 

Among  other  groups  of  wells  within  what  may  be  regarded  as  the 
confines  of  the  Whittier  field  are  the  Chandler,  a  group  of  four  wells 
1  mile  southeast  of  the  Murphy  and  Central  wells.  These  were  about 
the  first  drilled  in  the  Whittier  field,  but  are  now  abandoned.  Their 
location  was  probably  determined  by  an  oil  seepage  from  the  sand- 
stone and  conglomerate.  They  were,  however,  primitive  in  equip- 
ment and  shallow  and  afforded  but  a  light  yield  of  heavy  oil.  At 
this  point  the  Fernando  fofrnation  lies  in  an  anticline  secondary  and 
parallel  to  the  main  fold  in  the  hills.  The  beds  south  of  the  axis 
dip  from  45°  to  70°,  and  those  north  of  the  axis,  with  steeper  dip, 
apparently  abut  against  the  Puente  fault,  being  in  contact  with  the 
Puente  shale  forming  the  central  and  higher  portion  of  the  hills. 
This  shale  also  pitches  to  the  north  immediately  adjacent  to  the 
fracture,  a  position  that  may  be  either  normal  or  overturned,  the 
latter  occurring  at  many  places  within  the  zone  of  severe  crumpling 
along  the  southern  face  of  the  Puente  Hills.  The  Chandler  wells  are 
located  a  little  south  of  the  axis  of  the  secondary  anticline  referrel 
to  above. 

One  or  two  wells  have  also  been  drilled  in  the  same  general  region 
as  the  Chandler  group,  but  in  the  Puente  shale  north  of  the  fracture. 
As  in  the  case  of  other  wells  in  this  formation  in  the  territory  adja- 
cent to  the  Whittier  field,  the  results  were  negative.  The  fact,  how- 
ever, that  the  Puente  shales  or  their  included  sandstone  locallj*  earn* 
oil  is  evident  from  the  field  developed  by  the  Puente  Oil  Company, 
but  no  law  governing  this  relationship  has  been  discovered.  In  case 
the  oil  is  not  originally  contained  in  the  formation,  its  presence  is 
probably  due  to  the  porportion  of  sandy  members — a  factor  widely 
variable  from  point  to  point. 

At  the  summit  of  the  Puente  Hills,  about  1 J  miles  north  of  Whittier, 
near  the  east  edge  of  sec.  16,  T.  2  S.,  R.  11  W.,  the  North  Whittier 
Oil  Company  has  drilled  two  wells  on  the  north  limb  of  the  main 
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Puente  anticline,  within  a  mile  or  two  of  the  west  end  of  the  fold. 
The  wells  are  3imk  in  Fernando  conglomerate  and  sandstone,  which 
have  a  regular  dip.  They  were  not  a  marked  success  and  no  more 
have  been  drilled  in  the  immediate  vicinity,  although  at  depths  be- 
tween 900  and  1,500  feet  oil-bearing  strata  affording  a  small  yield 
were  encountered.  These  wells  are  of  especial  interest,  since  they 
are  among  the  first  to  be  exploited  in  the  younger  formation  on  the 
north  limb  of  the  anticline.  Faults  of  importance  have  not  been 
observed  in  this  locality.  From  surface  indications  the  position 
of  the  North  Whittier  wells  seems  to  be  somewhat  analogous  to  that 
of  other  wells  in  such  productive  fields  as  Coalinga,  Midway,  and 
Sunset,  where  petroleum  occurs  in  formations  having  remarkable 
evenness  of  dip,  strike,  and  succession. 

The  productive  wells  of  the  Whittier  field  embrace  those  of  the 
Home,  Tumbull  Canyon,  Turner,  Fidelity,  Strong,  Central,  Warner, 
and  Murphy  oil  companies.  Other  companies  have  drilled  at  various 
points  in  the  field,  but  thus  far  without  success.  In  general,  the 
wells  immediately  south  of  the  fracture  have  been  foimd  productive; 
those  to  the  north  unproductive.     (PL  XIV,  B,) 

LA   HABRA   CANYON    FIELD. 
LOCATION. 

The  region  of  La  Habra  Canyon  occupies  the  heart  of  the  Puente 
Hills,  midway  between  the  Whittier  and  Puente  fields.  It  has  an 
east-west  length  of  about  3  miles,  the  productive  territory  being  near 
the  west  end. 

GEOLOGY. 

The  geologic  relations  between  this  and  the  fields  on  either  side 
have  not  been  fully  established,  but  in  a  broad  sense  the  three  are 
similar,  the  principal  differences  consisting  in  the  details  of  folding, 
their  position  within  the  general  anticline,  and  the  strata  pierced. 
The  formations  of  the  region  include  the  upper  and  lower  members  of 
the  Puente  formation,  together  with  the  intervening  sandstone,  and 
the  Fernando  conglomerate,  sandstone,  and  clay.  Exposures  of  the 
lower  shale  are  limited  to  the  center  of  the  general  anticline  in  the 
eastern  part  of  the  area;  the  Puente  sandstone  outcrops  in  the  middle, 
a  trace  of  the  upper  shale  overlying,  while  the  Fernando  formation 
almost  closes  over  and  around  the  older  t^ds  at  the  west  end.  West 
of  this  the  conglomerate  again  gives  way  to  outcrops  of  the  Puente, 
which  in  the  Whittier  field  occupies  a  large  proportion  of  the  ridge 
crest. 
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STRlCTUltfe. 

The  older  formations  in  the  heart  of  the  area  he  in  anticlinal  posi- 
tion, the  flanks  of  the  fold  showing  sharp  local  crumplings,  "with  pos- 
sibly a  continuation  of  the  faults  that  occur  in  the  fields  to  the  east 
and  west.  The  prevailing  strike  is  N.  70°-80°  W.  The  position  of 
the  Puente  fracture,  if  it  be  present  (or  of  its  alternative,  the  line  of 
unconformity)  is  considerably  nearer  the  axis  of  the  general  anticline 
than  at  points  to  the  east,  a  few  hundred  feet  only  separating  the  two 
if,  indeed,  they  are  not  locally  coincident.  As  in  other  fields,  there 
is  here  also  a  marked  divergence  between  the  trend  of  folds  and  the 
course  assumed  by  the  line  of  maximum  disturbance.  Along  this  line 
the  development  of  oil  territorj''  has  taken  place.  In  the  vicinity  of 
the  Union  and  New  England  wells,  at  the  west  end  of  the  district, 
the  strata  show  marked  crumpling,  with  some  evidence  of  faulting, 
although  this  is  north  of  what  appears  to  be  the  main  anticline  as 
traced  from  the  east.  The  locality  is  one  of  especial  confusion,  owing 
to  the  compressed  condition  of  the  folds,  to  the  proximity  of  the  hori- 
zon of  unconformity  between  the  Fernando  and  older  beds,  and  to  the 
crushing  that  the  rocks  have  undergone. 

Of  the  several  flexures  present  the  most  important  appears  to  be 
that  which  passes  directly  north  of  the  Union  wells,  in  apparent  con- 
tinuation of  the  princpal  anticline  of  the  hills  to  the  east.  It  lies  con- 
siderably south  of  the  point  of  greatest  disturbance  in  the  field, which 
is  apparently  in  the  immediate  region  of  the  New  England  wells. 
Farther  west  it  possibly  merges  with  the  fold  which  appears  south  of 
the  fault  zone  at  the  east  end  of  the  Whittier  district.  North  of  this 
fold  are  others,  both  anticlines  and  synclines,  in  one  of  which  are  the 
New  England  wells  and  an  isolated  well  of  the  Union  Oil  Company. 
The  rocks  along  the  axis  of  this  fold  show  severe  crushing,  with  indi- 
cations of  considerable  displacement. 

At  the  head  of  the  east  fork  of  La  Habra  Canyon  the  structiu^  again 
shows  marked  complexity.  Sharp  crumples,  even  faults,  exist. 
The  most  conspicuous  displacement  is  between  the  hills  on  either  side 
of  the  road  over  the  divide.  The  unconformity  also  is  very  marked, 
the  line  between  the  Fernando  conglomerate  and  the  siliceous  shale 
of  the  Puente  sweeping  in  a  broad  curve  to  the  southern  base  of  the 
hills  and  passing  thence  to  the  entrance  to  Walnut  Canyon  and  the 
hills  separating  this  from  the  entrance  to  Brea  Canyon.  Whether 
faults  exist  along  this  line  i«  uncertain.  North  of  the  more  conspicu- 
ous fracture  the  lower  body  of  shale,  beyond  an  interval  of  sharp 
minor  folds,  assumes  a  northerly  dip,  which  is  maintained  by  the 
succeeding  formations  to  the  northern  limit  of  the  hills.  South  of 
the  fracture  the  shale,  together  with  a  small  fragment  of  Puente  sand- 
stone, appears  to  lie  in  a  sharp  syncline,  which  is  succeeded  by  ananti- 
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dine,  but  there  is  much  confusitm  in  the  details  of  structure,  and 
these  have  not  been  determined.  The  changes  in  structure  so  fre- 
quently encountered  in  the  Puente  Hills  are  well  exemplified  in  the 
present  locality.  Witliin  a  quarter  to  half  a  mile  to  the  east  the  folds 
are  less  comphcated,  but  the  flexures  continue  to  the  Puente  oil  field, 
with  faults,  doubtless,  in  considerable  number,  but  difficult  of  detec- 
tion in  the  homogeneous  shale. 

The  La  Habra  locality  is  noteworthy  also  in  that  the  fine  of  faulting 
and  unconformity  traceable  westward  from  the  Olinda  and  Brea 
Canyon  fields  here  approaches  the  system  of  successive  folds  that 
characterizes  the  regicm  of  the  Puente  Oil  Company's  wells.  Farther 
west  the  relations  of  these  folds  are  even  more  intimate,  and  thp  zone 
of  disturbance  carrying  them  is  greatly  contracted. 

OIL  wells. 

The  only  wells  of  the  La  Habra  district  are  those  of  the  Union  and 
New  England  oil  companies.  They  he  in  two  groups;  the  Sansinena 
wells,  belonging  to  the  Union  Company,  are  situated  in  the  gulch 
bottom  a  little  south  of  the  axis  of  what  to  the  east  is  probably  the 
main  anticline;  the  other  group  is  on  the  crest  of  the  ridge,  half  a  mile 
to  the  northwest,  in  liigldy  disturbed  strata  close  to  the  axis  of  one  of 
the  subordinate  folds.  The  producti<m  of  these  wells  is  not  large  and 
the  oil  is  comparatively  heavy.  A  maximum  depth  of  nearly  2,000 
feet  has  been  attained,  although  most  of  the  wells  are  said  to  be  much 
shallower.  Oil  is  reported  to  the  depth  of  1,850  feet.  The  forma- 
tions in  the  deeper  wells  embrace  300  or  400  feet  of  Fernando  con- 
glomerate at  the  top,  followed  by  shale  and  sandstone  below,  in  part, 
perhaps,  of  the  Fernando,  in  part  older. 

PUENTE  FIELD. 
LOCATION. 

The  Puente  oil  field  lies  along  the  crest  of  the  Puente  Hills  and  of 
the  general  anticline  forming  them.  It  is  about  IJ  miles  northwest  of 
the  mouth  of  Brea  Canyon  and  3  miles  east-southeast  of  the  developed 
territory  of  La  Habra  Canyon.  The  productive  area  is  approxi- 
mately 1 J  miles  long  by  one-eighth  mile  wide,  the  length  correspond- 
ing with  the  general  strike  of  the  beds  (N.  70°  W.). 

geology. 

The  fonnation  underlying  the  region  of  the  Puente  field  is  the 

lower  Puente  shale,  which,  as  shown  by  the  well  logs,  is  here  largely 

interstratified  with  beds  of  fine  sand  varying  in  thickness  from  a  few 

inclies  up  to  100  feet  or  more;  an  unbroken  thickness  of  100  feet  is. 
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however,  exceptional.  Oil  occurs  at  intervals  from  a  depth  of  less 
than  300  feet  to  nearly  2,000  feet.  The  shale  lies  at  the  very  heart  of 
the  Puente  anticUne  anti  is,  therefore,  except  in  one  or  two  places, 
not  only  the  oldest  body  of  rock  exposed  northwest  of  Santa  Ana 
River,  but  the  lowest  formation  in  which  oil  has  been  found  in*  the 
general  region  of  the  Puente  Hills. 

Flanking  the  shale  on  the  north  is  the  Puente  sandstone,  which  is 
overlain  by  a  thin  body  of  the  upper  shale,  and  this  in  turn  at  the 
periphery  of  the  hills  by  the  Fernando  conglomerate  and  associated 
beds.  The  dip  from  the  crest  of  the  ridge  northward  is  to  the  north 
with  marked  regularity.  South  of  the  crest,  opposite  the  developed 
territory,  the  shale  extends  to  the  valley  level,  the  younger  formations 
lying  buried  beneath  the  more  recent  wash.  The  dip  on  the  south 
side  of  the  ridge,  especially  in  the  eastern  half  of  the  field,  is  variable, 
indicating  a  rapid  succession  of  synclines  and  anticlines,  each  lower 
as  the  edge  of  the  prairie  is  approached.  Opposite  the  western  half 
of  the  field  the  folds  are  less  pronounced  and  the  prevailing  dip  on 
the  lower  slope  of  the  hills  is  northward,  changing  to  southward 
higher  up. 

Opposite  the  Puente  oil  field,  for  a  distance  of  2  or  3  miles  along 
the  southern  base  of  the  hills,  the  Fernando  formation  is  wanting  in 
outcrop,  this  being  the  only  break  in  its  continuity  from  a  point  near 
the  Santa  Ana  to  San  Gabriel  River.  The  ridges  which  usually  mark 
the  outcrop  of  the  Fernando  are  also  wanting,  having  been  carried 
away,  doubtless,  by  erosion  at  the  time  when  the  Pacific  washed  the 
base  of  the  hills.  It  may  be  due  to  this  that  the  Puente  sandstone 
lying  buried  with  the  younger  formation  beneath  the  terrace  gravels 
of  the  valley  is  also  lacking  along  tliis  same  stretch  of  country.  On 
the  other  hand,  the  disappearance  of  the  Fernando  and  Puente  sand- 
stone may  be  by  faulting,  which  is  known  to  have  disturbed  the 
structural  relations  both  to  the  east  and  to  the  west.  North  of  the 
hills  the  strike  of  the  Fernando  and  underlying  formations  changes 
from  its  normal  direction  of  N.  65°-70°  W.  to  nearly  northeast.  The 
Fernando  passes  from  the  flanks  of  the  hills  to  the  valley  of  San  Jose 
Creek,  while  the  Puente  sandstone  and  the  underlying  shale  enter  into 
those  subordinate  folds  of  northeasterly  trend  which  characterize  the 
northern  side  of  the  hills  from  this  point  eastward. 

STRUCTURE. 

Without  a  detailed  survey  it  is  impossible  to  delineate  the  individual 
flexures  of  the  Puente  field.  They  are  many  in  number,  parallel  with 
one  another,  of  varying  length  and  amplitude,  and  some  are  but 
slightly  less  important  than  the  main  anticline  itself.  There  is  no 
doubt,  however,  that  the  axis  of  the  principal  fold  is  here  nearly  coin- 
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cident  with  the  crest  of  the  ridge,  and  the  oil  territory  has  been  devel- 
oped chiefly  in  proximity  to  this  axis  on  either  side.  (See  PL  XI, 
sec.  E-F.)  From  the  Puente  field  eastward  oil  development  has  fol- 
lowed the  line  of  the  suspected  fault  and  unconformity,  although  the 
main  anticline  has  been  but  sUghtly  prospected.  Wells  north  of  the 
line  referred  to,  however,  have  been  generally  unsuccessful.  The 
axis  of  the  anticline  has  a  gentle  westerly  pitch,  which  is  maintained, 
except  for  modification  by  faulting,  to  a  point  beyond  the  New  Eng- 
land Oil  Company's  wells. 

Whether  faulting  has  taken  place  in  the  immediate  region  of  the 
wells  is  undetermined.  It  is  suggested,  however,  both  by  the  sharp 
crumpling  which  the  beds  have  undergone  and  by  the  fact  that  the 
line  of  development  is  directly  in  the  trend  of  the  fault  which  has 
been  recognized  at  the  head  of  the  east  fork  of  La  Habra  Canyon. 
The  locus  of  the  main  Puente  fracture  (or  of  its  alternative,  the  imcon- 
formity)  Ues  at  the  southern  base  of  the  hills  and  is  traceable  eastward 
to  the  Brea  Canyon  district  and  westward  to  the  head  of  La  Habra 
Canyon.  The  lack  of  confirmatory  evidence  to  the  contrary  and  the 
irregularity  in  the  trend  of  the  interformational  line  argue  rather  for 
unconformity  than  for  faulting,  although  the  possibility  of  the  latter 
must  be  admitted.  A  feature  of  the  field  is  the  convergence  of  the 
axes  of  several  folds  that  farther  east  are  of  considerable  prominence. 

oil  wells. 

The  wells  of  the  Puente  oil  field  are  those  of  the  Puente  Oil  Com- 
pany, which  now  penetrate  the  lower  shale  of  the  Puente  formation 
to  a  depth  of  nearly  2,000  feet,  although  for  years  800  or  900  feet  was 
the  maximum.  Oil  is  drawn  from  many  layers  of  sand  of  varying 
thickness,  some  of  the  lower  being  especially  productive  and  others 
aflfording  but  a  minimum  yield.  The  depth  of  2,000  feet  attained  by 
the  drill,  together  with  the  amount  of  erosion  that  must  have  taken 
place. from  the  arch  of  the  fold,  indicates  that  this  division  of  the 
Puente  is  at  least  2,500  feet  thick,  the  thickness  of  the  entire  formation 
being  still  undetermined. 

The  wells  of  tlie  Puente  Oil  Company  are  among  the  oldest  in  Cali- 
fornia, dating  back  to  the  year  1885.  Their  production  until  recently 
has  never  been  large,  but  has  been  maintained  with  marked  con- 
stancy. Some  of  the  newer  wells  have  yielded  100  to  200  barrels  of 
oil  a  day;  but,  as  in  the  case  of  all  other  fields,  this  amount  has 
decreased  as  the  pressure  has  diminished  and  the  territory  has  become 
drained.  During  1905  but  a  few  of  the  wells  in  this  field  were  being 
pumped,  and  these  only  to  avoid  flooding.  The  oil  is  of  an  olive-green 
to  black  color  by  reflected  Ught  and  varies  in  gravity  from  22°  to  35°  B. 
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BREA  CANYON  FIELD. 
LOCATION. 

Brea  Canyon  finds  exit  from  the  Puente  hills  5  miles  north-northeast 
of  FuUerton  in  the  vicinity  of  one  of  the  most  important  oil  districts 
in  the  territory.  Below  the  forks  the  canyon  assumes  the  trend  of 
the  main  Puente  anticline  and  lies  close  to  the  zone  of  maximum  dis- 
turbance. At  a  point  where  the  beds  have  been  locally  crushed  it 
cuts  directly  through  the  outer  terrane  of  the  hills  and  passes  into  the 
valley.     (See  PL  XIV,  A,) 

GEOLOGY. 

The  Brea  Canyon  oil  field  is  developed  in  the  zone  of  highly  dis- 
turbed strata  along  the  lower  canyon  in  a  general  N.  65°-70°  W.  direc- 
tion. The  formations  include  the  Fernando  conglomerate,  sandstone, 
and  arenaceous  clay,  the  upper  shale  of  the  Puente,  the  Puente  sand- 
stone, here  Umited  in  area,  and  the  lower  division  of  the  Puente,  with 
its  shale,  interbedded  sandstone,  and  lenticular  masses  of  limestone. 

The  Fernando  formation  is  well  exposed  along  the  lower  portion 
of  Brea  Canyon.  The  higher  and  outer  members  consist  of  bright 
gray  and  yellow  conglomerate,  sandstone,  and  arenaceous  clay. 
Within  and  lower  in  the  series  conglomerate  becomes  somewhat 
less  conspicuous  and  traces  of  bitumen  begin  to  appear.  This  fea- 
ture is  especially  noticeable  at  the  entrance  to  the  canyon  proper. 
Here  also  the  sandstone,  with  a  few  pebbles,  shows  the  concretion- 
ary structure  observable  elsewhere  in  the  hills,  but  the  formation  is 
not  on  this  account  to  be  confounded  with  the  Puente  sandstone, 
for  otherwise  there  are  marked  lithologic  differences,  and  in  addition 
to  these  the  fossils  of  the  younger  beds  are  especially  abundant  and 
characteristic.  The  conglomerate  of  the  Fernando  formation  enters 
largely  into  the  composition  of  Brea  Ridge,  extending  eastward  far 
beyond  the  region  of  the  Santa  Fe  wells.  Westward  it  may  be 
traced  to  its  disappearance  beneath  the  valley  opposite  the  Puente 
oil  field.  Still  lower  in  the  series  and  occupying  the  inner  or  north- 
em  slope  of  Brea  Ridge  are  several  bands  of  petroliferous  sand- 
stone that  display  a  few  concretions  and  here  and  there  a  pebble 
mass  and  are  interbedded  with  arenaceous  clay.  Two  of  the  sand- 
stone bands  are  particularly  conspicuous,  one  well  down  on  the 
north  face  of  the  ridge,  the  other  north  of  the  ridge  near  the  creek 
channel.  It  is  possible  that  these  may  lie  at  the  same  horizon,  but 
that  they  are  duplicated  by  faulting,  the  valley  of  the  creek  being 
coincident  with  a  line  of  marked  local  disturbance.  These  beds 
carry  fossils  of  lower  Pliocene  age.  (See  list,  p.  107.)  In  the  hill 
north  of  Brea  Canyon  there  is  a  further  succession  of  beds  of  clay, 
sandstone,  and  conglomerate,  one  or  two  of  the  conglomerate  beds 
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A.     LA  BREA  CANYON  FIELD.  ORANGE  COUNTY. 
Looking  southeast. 


Ji.     CHARACTERISTIC  PUMPING  PLANT.  WHITTIER  FIELD,  LOS  ANGELES  COUNTY. 
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being  particularly  persistent.  Midway  between  the  base  and  sum- 
mit of  the  hill  there  is  a  calcareous  pebbly  layer,  which  is  also  fossil- 
iferous,  jrielding  a  lower  Pliocene  fauna.  The  beds  forming  the 
lower  slope  north  of  the  stream,  although  perhaps  not  a  repetition 
of  the  beds  south  of  the  canyon,  are  unquestionably  of  the  same 
formation. 

A  small  body  of  limestone  a  few  feet  across,  together  with  a  little 
shale  similar  to  the  Puente  material,  was  observed  in  the  Fernando 
of  Brea  Ridge.  A  similar  occurrence  was  noted  near  the  Union 
wt  lis  in  the  La  Habra  district.  Both  are  unusual  and  inexplicable. 
Opposite  the  entrance  to  Brea  Canyon  the  Fernando  formation  is 
succeeded  on  the  north  by  shale,  thin-bedded  sandstone,  and  cal- 
careous concretions  characteristic  of  the  lower  divison  of  the  Puente 
in  this  region.  A  narrow  dike  of  diabase  extending  in  an  east- west 
direction  for  nearly  a  mile  intrudes  these  Puente  beds  a  short  dis- 
tance north  of  Brea  Canyon.  The  shale  and  sandstone  are  directly 
traceable  into  those  which  occupy  the  heart  of  the  general  anticline 
2  miles  to  the  west,  in  the  region  of  the  Puente  Oil  Company^s  wells. 
Taey  are  overlain  by  the  Puente  sandstone  in  the  eastern  half  of 
this  field,  and  at  the  divide  between  Brea  Canyon  and  the  drain- 
age of  the  Olinda  field  the  upper  shale  in  turn  appears,  in  contact 
with  the  Fernando.  In  the  western  half  of  the  field  the  sandstone 
and  the  overlying  shale  are  wanting,  having  been  carried  beneath 
the  surface,  possibly  by  the  Puente  fault,  which  may  here  pass  along 
the  northern  slope  of  the  canyon.  Notwithstanding,  however,  the 
evidences  of  faulting  in  the  severe  crushing  which  the  strata  have 
undei^one,  it  is  also  possible  that  the  unconformity  admittedly 
existing  between  the  Fernando  and  the  older  formations  may  prove 
to  be  accountable  for  the  variation  in  the  succession  of  strata,  the 
younger  members  of  the  earlier  formation  having  been  uplifted  and 
removed  prior  to  the  deposition  of  the  later  conglomerate  and  asso- 
ciated sediments.  East  of  the  east  fork  of  Brea  Canyon  the  Puente 
sandstone  regains  its  prominence,  and  from  this  locality  almost  to 
the  valley  of  the  Santa  Ana  and  the  lowlands  about  Chino  it  is  the 
most  conspicuous  formation  of  the  hills. 

STRUCTURE. 

The  structure  about  lower  Brea  Canyon  is  difficult  to  read,  but 
from  what  has  already  been  said  the  inference  may  be  drawn  that 
it  is  probably  in  direct  general  continuation  with  that  both  to  the 
east  and  west;  that  is,  the  sharp  folds,  faults,  and  unconformity 
existing  in  the  hills  of  the  Santa  Fe  region  extend  along  the  north- 
em  slopes  of  the  canyon,  passing  thence  across  the  spur  immediately 
west  of  its  mouth  to  the  edge  of  the  prairie  opposite  the  Puente  oil 
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field.  The  formations  north  of  the  fault  line,  or  of  the  line  of 
unconformity,  show  the  usual  variety  of  flexures,  the  shale  being 
especially  crumpled,  the  .Puente  sandstone  less  so.  Syncline  and 
anticline  appear  with  a  few  secondary  faults,  parallel  to  the  main 
fracture.  An  instance  of  the  minor  faults  is  to  be  foimd  in  the 
face  of  the  ridge  between  the  east  and  west  forks  of  Brea  Canyon, 
where  Puente  sandstone  lies  vertically  against  slightly  undulating 
beds  of  the  lower  division  of  the  Puente  shale,  indicating  the  drag- 
ging down  of  the  younger  horizon  in  connection  with  the  sharp  fold 
from  which  the  chief  displacement  has  been  developed.  Toward  the 
crest  of  the  hills  is  the  main  axis  of  the  general  anticline,  the  fold 
being  here  somewhat  modified  by  the  radiate  flexure  passing  to  the 
northeast  between  the  forks  of  Brea  Canyon. 

The  position  assumed  by  the  Fernando  beds  south  of  the  Puente 
fault  is  of  the  greatest  interest  from  a  structural  standpoint.  The  dip 
of  the  conglomerate  and  sandstone  north  of  the  canyon,  opposite  the 
wells  of  the  Brea  Canyon  and  Menges  oil  companies,  is  50°-90°  N. 
(See  PI.  XI,  sec.  G-II.)  There  appears  to  be  a  considerable  differ- 
ence in  the  succession  as  well  as  in  the  composition  of  the  beds  on  the 
two  sides  of  the  gorge,  yet  in  the  uncertainties  of  Uthology  their  corre- 
lation can  not  be  denied  as  possible.  A  doubt  exists  as  to  whether 
the  strata  immediately  south  of  the  supposed  fault  lie  in  an  anticline, 
as  in  similar  positions  at  several  points  along  the  hills,  or  whether  the 
conglomerate,  sandstone,  and  arenaceous  clay  have  been  overturned 
by  dragging  against  the  fracture  plane  in  their  downward  displace- 
ment. At  one  or  two  points  there  is  some  evidence  of  the  latter  con- 
dition; at  others  there  is  equal  evidence  of  an  anticline;  elsewhere  all 
is  confused.  If  the  antichne  exists,  its  axis  Ues  near  the  stream  chan- 
nel in  the  lower  portion  of  the  canyon,  gradually  passing  into  the 
slopes  of  Brea  Ridge  toward  the  east,  to  become  continuous  or  but 
slightly  en  Echelon  with  that  of  the  antichne  south  of  the  fault  in  the 
Olinda  field.  The  line  of  seepages  in  the  bottom  of  Brea  Canyon  may 
mark  such  an  axis  and  may  possibly  indicate  a  fracture  developed 
along  the  crest  of  the  fold.  The  most  satisfactory  evidence  of  an 
anticline  aside  from  the  unconnected  northerly  and  southerly  dips 
along  the  canyon  exists  about  the  head  of  the  small  lateral  gulch  in 
which  the  Menges  wells  are  situated,  the  Fernando  formation  here 
showing  the  arch  of  a  gentle  fold,  which,  though  lying  close  to  the 
Puente  fault,  may  prove  continuous  with  the  anticline  suspected  as 
coincident  with  the  lower  portion  of  Brea  Canyon — its  westernmost 
extension  in  fact.  Moreover,  it  may  be  due  to  the  near  approach  of 
anticlinal  axis  and  fault — perhaps  to  the  merging  of  one  into  the 
other — that  the  exterior  ridges  of  the  hills  disappear  to  the  west,  the 
fracture  alone  passing  thence  along  the  base  of  the  ridge  opposite  the 
wells  of  the  Puente  Oil  Company.     On  the  other  hand,  near  the  sug- 
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gested  fault  line  north  of  the  Menges  and  Brea  Canyon  oil  territory- 
there  is  marked  confusion  of  the  strata,  and  the  region  is  not  without 
evidence  of  a  simple  overturn  adjacent  to  the  line  of  displacement. 
If  this  be  the  case,  the  line  of  seepages  along  the  bottom  of  Brea 
Canyon  marks  the  line  of  greatest  crushing  in  the  Fernando,  except 
directly  against  the  fault  plane.  Whether  anticline  or  overturn,  how- 
ever, the  general  conditions  bearing  on  the  occurrence  of  the  oil  must 
be  practically  the  same.  The  composition  of  the  Fernando  is  repeated 
in  a  constant  succession  of  conglomerates,  sandstones,  and  clays  to  the 
bottom  of  the  series,  and  crushing,  equal  under  a  fold  of  either  descrip- 
tion, must  have  produced  equivalent  effects  of  texture  and  structure. 
The  prime  factors  in  the  field  are  the  Puente  fault,  the  crushing 
attendant  on  its  development,  and  the  contact  of  Fernando  and 
Puente  beds. 

OIL    WELLS. 

ITie  companies  operating  in  the  Brea  Canyon  field  are  the  Brea 
Canyon,  the  Union,  and  the  Menges.  Other  companies  have  drilled 
wells,  but  thus  far  without  success  The  wells  of  the  Brea  Canyon  Oil 
Company  occupy  a  small  area  on  the  northern  slope  of  Brea  Ridge 
adjacent  to  the  mouth  of  the  canyon,  their  number  being  21.  To  the 
east,  also  on  the  northern  slope  of  the  ridge,  is  the  area  drilled  by  the 
Union  Oil  Company,  32  wells  being  distributed  along  the  strike  of  the 
beds  for  a  distance  of  1 J  miles.  The  Menges  Oil  Company's  property 
adjoins  that  of  the  Brea  Canyon  Companj^  on  the  west,  lying  just 
west  of  the  mouth  of  Brea  Canyon.     This  company  has  two  wells. 

The  wells  of  the  Brea  Canyon  Oil  Company  are  sunk  in  the  con- 
glomerate and  sandstone  of  the  Fernando  formation,  which  strike 
N.  70°  W.  and  dip  about  50°  S.,  both  with  considerable  regularity. 
The  strata  cut  are  exposed,  in  part  at  least,  in  the 'northern  slope  of 
Brea  Ridge  and  along  the  stream  bottom,  and  include  the  bitumen- 
bearing  sandstone  referred  to  on  a  preceding  page.  It  is  impossible, 
however,  to  affirm  that  these  horizons  have  furnished  even  a  portion 
of  the  oil  yielded,  so  at  variance  are  the  records  of  the  wells  when  com- 
pared one  with  another  and  with  surface  exposures.  It  may  be  that 
owing  to  the  crushing  that  has  taken  place  adjacent  to  the  fault  and 
its  possible  extension  to  the  region  of  the  wells  oil  has  filtered  from  the 
beds  originally  containing  it  into  others  until  there  has  been  a  general 
diffusion  of  the  fluid  through  the  more  porous  strata  along  channels 
that  for  some  reason  have  more  readily  permitted  migration.  In 
marked  contrast,  however,  to  the  fine  wells  of  this  company  on  the 
south  side  of  the  canyon  are  those  on  the  north  side,  where  in  strata 
far  more  disturbed  little  or  no  success  has  been  attained. 

The  wells  of  the  Brea  Canyon  Oil  Company  vary  in  depth  from  600 
to  nearly  2,000  feet,  in  production  from  12  to  perhaps  1,000  barrels 
per  day,  in  the  gravity  of  their  oil  from  18°  to  20°  B.     The  heavier 
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oil  is  said  to  come  from  the  upper  sands,  the  Ughter  from  the  lower. 
The  product  of  the  wells  is  run  to  a  common  tank  with  a  resultant 
gravity  of  between  21°  and  22°  B. 

The  westerly  wells  of  the  Union  Oil  Company  adjoin  on  the  east 
those  of  the  Brea  Canyon  Company,  and  the  territory  in  which  they 
are  drilled,  except  for  a  slight  undulation  of  the  strike  from  a  few 
degrees  north  of  west  to  an  equal  amount  north  of  east,  is  strati- 
graphically  and  structurally  similar  so  far  as  surface  exposures  indi- 
cate, A  marked  difference  in  the  productiveness  of  the  two  areas 
has  been  revealed  by  development,  however,  the  many  conditions  in 
depth  familiar  to  all  students  of  oil  occurrence  probably  being  suffi- 
ciently variant  in  the  two  areas  to  cause  the  widely  differing  results 
obtained.  It  is  unsafe  as  a  general  rule  to  predicate  the  success  of  a 
proposed  group  of  wells  upon  that  of  a  group  already  drilled,  and,  on 
the  other  hand,  it  is  equally  difficult  to  offer  a  tenable  reason  for  the 
superior  yield  of  one  area  over  another,  the  conditions  available  for 
observation  in  the  two  being  practically  the  same.  Where  there  is  a 
noticeable  variation  in  surface  conditions  between  two  localities 
there  is  likely  to  be  an  equal  variation  in  underground  conditions, 
and  it  would  not  be  unreasonable  to  expect  a  marked  difference 
in  the  results  of  drilling.  In  illustration  of  this  may  be  c<)mpared 
the  eastern  part  of  the  Union  Oil  Company's  tract  in  Brea  Canyon 
and  the  western  part  already  referred  to.  In  the  eastern  part  the 
strata  show  a  distinct  bowing  to  the  south,  and,  moreover,  the  area 
is  in  proximity  to  a  complex  of  folds  that  are  traceable  from  the 
Olinda  field.  The  conditions  in  the  western  part  are  more  regular, 
the  beds  dipping  rather  uniformly  toward  the  south.  While  in  the 
light  of  experience  it  would  be  impossible  to  predict  whether  the 
eastern  area  would  be  more  or  less  productive  than  that  a  mile  to  the 
west,  it  would  be  a  fair  inference  that  there  would  be  a  material  differ- 
ence in  the  yield  of  the  two,  and  such  a  difference  has  been  found  by 
exploitation. 

The  territory  of  the  Menges  Oil  Company,  which  adjoins  that  of  the 
Brea  Canyon  Company  on  the  west,  is  structurally  at  variance  wnth 
both  productive  tracts  described  above  and  has  so  far  yielded  smaller 
wells.  The  general  horizon  at  which  oil  is  obtained  by  the  Menges  and 
the  Brea  Canyon  companies  is  the  same,  but  between  the  two  tracts, 
strongly  developed  at  the  sharp  bend  in  the  canyon,  is  a  compound 
flexure  involving  the  oil-bearing  strata,  in  part  at  least,  of  both  proper- 
ties. The  flexure  is  as  local  as  it  is  sharp,  and  disappears  witliin  a 
short  distance  of  the  stream.  In  the  Menges  tract,  however,  the  strata 
are  more  disturbed  than  in  that  of  the  Brea  Canyon  Company,  show- 
ing local  and  abrupt  variations  in  both  strike  and  dip,  at  one  or  two 
points  wdth  distinct  overturns  having  a  northerly  dip. 

The  foregoing  discussion  has  been  carried  to  considerable  length  at 
this  point  because  of  the  typical  example  afforded  by  the  Brea  Can- 
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yon  field  of  the  varying  conditions  attendant  on  the  occurrence  of 
petroleum  within  a  comparatively  small  area.  This  field  illustrates, 
also,  the  impossibility  of  offering  a  definite  opinion  regarding  the 
probable  productiveness  of  a  particular  territory,  an  opinion  fre- 
quently asked  of  the  geologist  by  all  interested  in  the  petroleum 
industry. 

OLINDA  FIELD. 
LOCATION. 

The  Olinda  oil  field  lies  6  miles  northeast  of  Fullerton,  just  within 
the  southern  edge  of  the  Puente  Hills,  near  the  entrance  to  Soquel 
Canyon.  It  is  connected  with  the  main  line  of  the  Atchison,  Topeka 
and  Santa  Fe  Railway  by  a  branch  from  Richfields,  4  miles  south. 
As  developed,  the  field  extends  along  the  strike  of  the  measures,  N. 
65°-70°  W.,  about  a  mile  and  a  half,  the  breath  of  the  oil-bearing  zone 
varying  from  one-eighth  to  one-third  of  a  mile.  The  field  is  supplied 
with  water  from  wells  a  mile  or  two  out  in  the  valley.  In  the  immedi- 
ate vicinity  of  the  productive  area  the  principal  features  of  topography 
include  the  main  mass  of  hills,  an  exterior  ridge  which  borders  Tele- 
graph Canyon  on  the  south  and  extends  for  a  mile  beyond  the  entrance 
to  Soquel  Canyon,  and  an  inner  valley  separating  the  liills  from  the 
exterior  ridge.  Development  has  taken  place  in  this  valley  and  on 
the  lower  slope  of  the  main  mass  of  the  hills  to  the  north.  (See 
PI.  XV.) 

GEOLOGY. 

The  formations  involved  in  the  Olinda  field  embrace  the  upper  and 
lower  Puente  shales,  the  Puente  sandstone,  and  the  Fernando  con- 
glomerate, sandstone,  and  arenaceous  clay.  The  lower  Puente  shale, 
the  homologue  of  that  in  the  Puente  oil  field,  is  exposed  principally 
to  the  east  of  the  developed  territory,  along  Soquel  and  Carbonne 
canyons,  entering  but  slightly  into  the  higher  portions  of  the  ridges. 
The  Puente  sandstone  is  confined  entirely  to  the  main  body  of  the 
hiUs,  extending  north  and  east  from  the  edge  of  the  field  for  many 
miles  and  forming  the  cap  rock  on  aft  the  higher  portions  as  far  as  the 
Chino  divide.  The  upper  shale  is  not  well  developed,  and  it  is  ques- 
tionable whether  it  is  present  at  some  places  in  more  than  a  trace. 
The  Fernando  formation  constitutes  the  mass  of  the  ridge  south  of 
Telegraph  Canyon,  the  point  of  the  ridge  between  Telegraph  and 
Soquel  Canyons,  the  hills  west  of  the  entrance  to  Soquel  Canyon,  and 
the  low  bench  lands  between  the  latter  and  Brea  Ridge,  at  the  west 
end  of  the  field.  It  finally  enters  Brea  Ridge  and  passes  westward 
to  the  Brea  Canyon  field.  It  also  underlies  a  considerable  portion  of 
the  interior  valley.  These  formations  all  extend  to  the  regicm  of 
Santa  Ana  River. 
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STRUCTURE. 

The  Olinda  oil  fields  lie  on  the  southern  limb  of  the  general  anti- 
cline of  the  Puente  Hills.  The  prevailing  dip  of  the  strata  is,  there- 
fore, to  the  southwest,  but  an  opposite  dip  is  encountered  at  many 
places  by  reason  of  subordinate  folds  developed  on  the  flanks  of  the 
principal  flexure.  The  axis  of  the  main  fold,  which  trends  N.  65°- 
70°  W.,  lies  somewhat  less  than  a  mile  north  of  the  oil  belt,  those  of  the 
lesser  folds  traversing  the  intervening  space. 

The  northern  edge  of  the  oil  belt,  which  is  closely  coincident  with 
the  base  of  the  main  body  of  the  hills,  is  the  locus  of  an  extremely 
sharp  fold  that  has  many  of  the  attendant  features  of  a  fault.  In 
immediate  proximity  to  it,  also,  is  a  trace  of  the  contact  between  the 
Fernando  and  older  formations,  but  whether  this  is  a  plane  of  fault- 
ing or  of  unconformity  it  is  difficult  to  say.  Perhaps  the  conditions 
are  the  combined  results  of  the  two,  for  the  evidence  for  each  at  one 
point  or  another  seems  almost  conclusive.  The  fonnations  which  are 
in  contact  are  the  Puente  sandstone  and  the  shales  beneath  and 
above  on  the  north,  and  the  conglomerate,  sandstone,  and  clay  of  the 
Fernando  formation  on  the  south. 

The  zone  of  disturbed  strata  is  traceable  westward  directly  into 
Brea  Canyon  and  eastward  across  the  point  of  the  ridge  between 
Soquel  and  Telegraph  canyons  well  into  the  hills  south  of  the  latter. 
It  is  marked  in  numerous  places  by  heavy  seepages  of  oil,  which,  how- 
ever, appear  to  be  from  the  Fernando  rather  than  from  the  older 
beds.  Beyond  Telegraph  Canyon  the  examination  was  not  con- 
ducted in  detail,  but  it  is  a  significant  fact  that  in  the  vicinity  of 
Santa  Ana  Canyon,  directly  in  the  line  of  maximum  crushing  in  the 
Olinda  field,  is  another  area  of  disturbance  found  by  Mr.  Homer 
Hamlin  in  a  hurried  inspection  of  the  geologic  conditions  there 
existing. 

The  evidence  for  a  fault  in  the  Olinda  field  consists  in  an  irregular 
succession  of  beds,  a  zone  of  crushed  strata  for  200  or  300  feet  on 
either  side  of  the  interf  ormational  line,  sharp  flexures  with  local  down- 
ward curve  of  the  Puente  beds  on  the  north  of  the  suggested  plane 
of  displacement  and  upward  bend  of  the  Fernando  on  the  south, 
and  the  high  inclination  of  both  formations.  These  features  also 
attest  to  the  development  of  the  fracture  subsequent  to  the  deposi- 
tion of  the  Fernando,  although  prior  to  this  period  faulting  might 
have  taken  place  along  a  line  practically  coincident  with  the.  later 
displacement.  In  fact,  there  is  ample  proof  in  the  hills  area  that 
the  rocks  of  the  Puente  had  been  considerably  folded  before  the  Fer- 
nando formation  was  laid  down  upon  them,  and  it  may  be  that  they 
were  faulted  as  well. 


Digitized  by  VjOOQIC 


PUENTE   HILLS:    OLINDA   FIELD.  127 

The  suggestion  of  unconformity  is  borne  out  by  divergence  in  dip 
and  strike  and  by  the  presence  in  the  Fernando  of  materials  unmis- 
takably derived  from  the  older  beds.  It  is,  moreover,  in  harmony 
with  observations  throughout  a  large  portion  of  the  Coast  Range. 
The  fact  that  in  the  Olinda  field,  therefore,  the  Fernando  formation 
lies  at  one  point  against  the  lower  shale  of  the  Puente  formation,  at 
another  against  the  upper  shale,  and  at  still  another  in  contact  with 
the  Puente  sandstone,  may  be  attributed  to  unconformity,  to  faulting, 
or  to  both.  As  already  mentioned,  the  writer  inclines  to  the  belief 
that  both  of  these  causes  have  contributed  their  part  in  the  develop- 
ment of  the  existing  conditions. 

The  principal  features  of  structure  in  the  Olinda  field  will  now  be 
taken  up  in  somewhat  greater  detail.  In  the  eastern  third  of  the  field, 
from  the  vicinity  of  the  gulch  containing  Santa  Fe  wells  Nos.  21,  32, 
36,  and  38,  eastward  to  the  Columbia  ground  and  Soquel  and  Tele- 
graph canyons,  there  appear  to  be  two  divergent  lines  of  structure,  the 
southern  line  marking  the  trace  of  the  main  fault,  or  of  its  alternative 
plane  of  unconformity  between  the  Fernando  and  the  older  beds, 
maintaining  the  general  trend  of  N.  65® — 70®  W.,  and  passing  across  the 
lower  portion  of  Telegraph  Canyon;  the  northern,  a  line  of  severe 
crushing,  extending  more  directly  eastward  or  even  a  little  north  of 
east  and  following  the  gorge  of  Soquel  Canyon.  The  northern  line  is 
confined  wholly  to  the  Puente  formation.  The  combined  effect  of 
faulting  and  folding,  together  with  the  divergence  in  strike  noted,  has 
brought  to  the  surface,  north  of  the  divisional  line  between  Puente  and 
Fernando,  beds  gradually  lower  in  horizon  toward  the  east,  the  pre- 
vailing dip  being  25°-60®  N.  As  the  divergence  increases  additional 
crumples,  some  of  them  extremely  sharp,  appear  in  the  Puente  beds. 

Immediately  north  of  the  northern  of  the  two  divergent  lines 
referred  to  above  and  close  to  the  northern  line  of  wells  is  located  the 
axis  of  the  general  syncline  that  is  so  persistent  and  conspicuous  a  fea- 
ture along  the  northern  border  of  the  Olinda  field.  Its  trend  is  N.  65° 
W.  and  it  is  especially  prominent  in  the  Puente  sandstone.  This  syn- 
cline is  of  especial  interest  near  the  center  of  sec.  9,  where^are  clustered 
several  wells  of  the  Santa  Fe,  FuUerton  Consolidated,  and  Columbia 
(Puente  lease  No.  1)  oil  companies.  At  this  point  there  is  consider- 
able uncertainty  regarding  the  stratigraphic  horizon,  both  from  the 
crumpled  condition  of  the  beds  and  from  the  lack  of  distinguishing 
characteristics.  The  Puente  sandstone  appears  a  short  distance 
north  of  the  wells,  dipping  to  the  south,  but  about  the  wells  the  strata 
dip  northward  and  have  more  the  nature  of  arenaceous,  granular,  and 
muddy  shale,  with  traces  of  the  siliceous  variety,  in  one  instance 
faintly  organic.  On  the  whole  the  formation  bears  considerable 
resemblance  to  that  underlying  the  Puente  sandstone  along  the  lower 
slopes  of  Soquel  Canyon  east  of  the  Columbia  wells  (lease  No.  1),  and 
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yet  it  is  not  unlike  certain  members  of  the  Fernando.  The  writer  is 
inclined  to  place  the  beds  in  the  Puente  and  to  regard  the  area  as  lying 
within  a  zone  of  especial  disturbance  that  is  manifest  along  both  the 
main  fracture  and  its  northern  branch,  in  all  probability  in  an  inter- 
fault  block.  The  syncline  is  traceable  in  strike  from  north  of  east 
through  north  to  north  of  west,  and  in  a  dip  correspondingly  variable 
from  north  to  west  and  then  to  south  around  the  east  end  of  the 
trough,  this  being  especially  manifest  in  the  heavier  sandstones  at 
the  point  occupied  by  the  Fullerton  wells,  which  lie  close  to  the  syn- 
clinal axis  or  a  short  distance  oflF  on  its  southern  limb.  Evidences  of 
the  syncline  continue  eastward  to  the  bottoms  of  Soquel  Creek  in  a 
constant  repetition  of  the  structural  features  of  the  Columbia  groimd 
(lease  No.  1),  a  westerly  dip  along  the  axial  line  locally  as  high  as  45° 
being  especially  noticeable.  Beyond  Soquel  Canyon  the  identity  of 
the  syncline  is  lost. 

Most  of  the  Columbia  wells  (lease  No.  1)  are  located  on  the  south 
side  of  the  synclinal  trough;  some,  however,  are  close  to  the  axis, 
while  two  or  three  of  excellent  yield  appear  to  be  in  strata  that  dip  to 
the  south  or  are  intensely  crushed.  One  of  the  deeper  wells  in  w  hich, 
up  to  the  time  of  the  investigation,  no  oil  had  been  found  penetrates 
at  the  collar  the  organic  shale  of  the  Puente.  The  others,  which  start 
in  heavy  sandstone,  probably  of  the  Puente  formation,  are  highly 
productive. 

The  easterly  wells  of  the  Santa  Fe  and  those  of  the  Fullerton  and 
Columbia  oil  companies  appear  thus  to  have  been  drilled  in  the  Puente 
formation,  in  ground  whose  structure  is  somewhat  uncertain.  Most 
of  them  lie  a  little  south  of  the  line  of  maximum  crumpling.  It  may 
be  inferred,  therefore,  that  the  horizon  of  their  oils  is  approximately 
that  of  the  oils  of  the  Puente  Oil  Company's  wells  5  miles  farther  w^est. 
Moreover,  the  logs  of  the  wells  indicate  the  presence  in  depth  of  shale 
similar  to  that  of  the  Puente  oil  field,  whereas  in  other  portions  of  the 
Sante  Fe  area  the  strata  are  of  the  more  open  and  porous  nature 
characteristic  of  the  Fernando.  This  similarity  of  strata  penetrated 
in  the  Puente  field  and  the  east  end  of  the  Olinda  field  accounts  for  the 
similarity  of  the  oils  of  the  two  localities.  The  gravity  varies  between 
23®  and  35°  B.,  the  oil  of  the  Olinda  field  being  somewhat  the  lighter. 

Typical  Puente  shale  with  steep  dip  is  closed  a  few  feet  east  of  tlie 
Columbia  camp  (lease  No.  1),  several  hundred  feet  south  of  the  eastern 
wells  of  this  company.  The  outcrop  is  in  line  A\dth  others  of  the  same 
nature  up  Soquel  Canyon,  and  it  is  probably  continuous  with  them, 
the  Fernando  having  here  crossed  to  Telegraph  Canyon.  Loose 
shale  fragments  are  also  found  over  a  considerable  area,  in  the  same 
general  region  south  of  the  wells. 

Along  the  middle  portion  of  the  field,  in  the  eastern  half  of  the 
Graham-Loftus  tract,  the  strata  occupying  the  face  of  the  hills  north 
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of  the  wells  but  south  of  the  syncline,  extending  from  the  region 
described  in  the  foregoing  paragraph,  include  yellow  and  gray  con- 
cretionary sandstone  of  the  Puente  type,  with  the  associated  siliceous 
shale  and  ^succession  of  sandstone  and  arenaceous  shale,  also  yellow 
and  gray  but  apparently  devoid  of  concretions  and  of  the  minor 
organic  forms  that  characterize  the  Puente.  There  appear  to  be  two 
formations  in  juxtaposition — one  undoubtedly  Puente,  the  other 
closely  resembling  the  Fernando.  Their  relations  suggest  the  locus 
of  the  Puente  fault,  a  view  strengthened  by  the  sharp  disturbance 
affecting  the  strata  in  the  adjacent  gulches.  The  strike  of  both 
formations  is  the  same,  about  N.  70*^  W.  The  fault  plane,  on  the 
whole,  is  believed  to  pass  a  short  distance  south  of  the  northernmost 
of  the  Graham-Loftus  wells.  No.  17,  but  north  of  the  others  in  this 
vicinity.  With  the  exception  mentioned,  therefore,  all  the  wells  in  , 
this  part  of  the  field  have  apparently  been  drilled  in  the  Fernando 
formation,  and  this  view  is  borne  out  by  the  fact  that  conglomerate  is 
encountered  at  various  depths  in  the  wells  of  both  the  Santa  Fe  and 
the  Graham-Loftus  companies.  The  position  of  these  wells  is  believed 
to  be  on  the  northern  limb  of  the  subordinate  anticline  south  of  the 
fault. 

Outcrops  of  conglomerate  and  siliceous  shale  about  125  feet  north- 
west of  the  Santa  Fe  No.  12  well  may  be  regarded  as  locating  the  posi- 
tion of  the  main  Puente  fracture  for  this  part  of  the  field.  The  strike 
of  the  conglomerate  ranges  from  N.  85°  W.  to  east  and  west;  the  dip 
35°-40*^  N.  The  shale,  as  usual,  shows  large  crumples  for  a  consider- 
able distance  from  the  fault.  The  westernmost  well  of  the  Santa  Fe 
Company,  No.  37,  is  close  to  the  line  of  rupture,  possibly  a  little  to  the 
north  of  it. 

The  structure  just  described  continues  with  some  variation,  not 
only  to  the  west  end  of  the  field,  but  into  Brea  Canyon  and  the  terri- 
tory north  and  south.  The  locus  of  the  fault  as  it  crosses  the  divide 
between  the  Olinda  and  Brea  valleys  is  obscure,  but  it  is  not  far  from 
the  point  of  least  elevation.  North  of  this  point  heavy  beds  of  Puente 
sandstone  lie  in  vertical  or  overturned  position,  bending,  however,  to 
a  southerly  dip  of  20*^  or  less  as  they  pass  to  the  summits  of  the  hills 
above.  South  of  the  divide  and  for  a  mile  or  more  along  the  southern 
slope  of  the  ridge  north  of  Brea  Canyon  the  siUceous  shale  of  the 
Puente  outcrops.  Although  this  shale  is  in  natural  sequence  with  the 
Puente  sandstone  on  the  north,  it  is  believed  that,  on  account  of  irregu- 
larities in  adjacent  areas,  the  two  beds  are  separated  by  the  Puente 
fault,  or  at  least  by  a  subordinate  fracture.  In  Brea  Canyon  the  syn- 
cline that  in  the  Olinda  field  lies  immediately  north  of  the  fault  dis- 
appears, although  other  flexures  in  considerable  number,  among  them 
a  syncline  of  some  importance,  may  be  observed  along  the  slope  of  the 
hills  to  the  west. 
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In  the  region  of  the  Santa  Fe  wells  the  details  of  structure  for  the 
area  along  the  interior  valley  underlain  by  the  Fernando  conglomer- 
ate, in  which  much  of  the  development  has  taken  place,  are  somewhat 
obscure.  In  a  general  way,  however,  it  is  evident  that  e>tst  of  the 
western  group  of  Columbia  wells  flease  No.  2)  the  strata  are  deflected 
from  their  general  strike  of  N.  GS^-TO"^  W.  to  N.  45°  W.  in  the  vicinity  of 
the  southwestern  Santa  Fe  wells,  thence  bending  to  S.  70°  E.  and 
passing  onward  into  the  ridge  south  of  Telegraph  Canyon.  A  trace 
of  a  similar  and  concentric  deflection,  with  marked  local  folds,  exists 
also  in  the  rocks  of  the  older  formation  northeast  of  the  Fernando  area, 
in  the  hill  slopes  north  of  the  Santa  Fe  village,  and  the  flat  to  the  east. 
The  explanation  may  be  that  compression  took  place  after  faulting, 
affecting  the  strata  in  a  like  manner  on  both  sides  of  the  general  frac- 
ture. Still,  this  occurrence  may  be  a  coincidence  rather  than  one  of 
direct  relationship  in  the  movements  of  the  beds. 

Again,  the  Fernando  formation,  though  of  comparatively  steep 
southerly  dip  in  the  exterior  ridges  of  the  field,  assumes  a  much  lower 
angle  of  inclination  farther  north  in  the  interior  valley  region,  with  an 
actual  northerly  dip,  as  evidenced  by  the  logs  of  the  wells  of  the  Gra- 
ham-Loftus  and  Columbia  oil  companies,  near  the  line  of  the  fault  or 
of  maximum  folds.  (See  PI.  XI,  sec.  I-J,  and  PI.  XVI.)  In  other 
words,  there  is  apparently,  through  at  least  the  western  half  of  Olinda 
Valley,  an  anticline  whose  axis  coincides  with  that  of  the  valley,  trend- 
ing about  N.  65°  W. 

The  anticline  is  clearly  traceable  in  the  eastern  face  of  Brea  Ridge, 
the  axis  passing  through  the  southern  group  of  wells  of  the  Columbia 
Oil  Company  (lease  No.  2),  or  probably  a  short  distance  to  the  south 
of  all  these  wells.  Evidences  of  the  fold  also  appear  in  the  structural 
lines  that  cross  the  crest  of  the  ridge  diagonally  in  Union  ground,  a 
mile  west  of  the  Columbia  wells  (lease  No.  2),  and  in  some  of  the 
gulches  that  cut  the  northern  face  of  the  ridge  in  the  same  vicinity. 
The  strikes  and  dips  vary  according  to  the  position  of  the  beds  in  the 
fold.  It  is  possible  that  the  anticline  continues  westward  to  the  Brea 
Canyon  field,  being  identical  with  the  fold  suggested  along  the  line  of 
seepages  in  the  bottom  of  the  valley.  Some  irregularity  is  displayed 
in  the  disposition  of  the  strata  along  the  eastern  third  of  Brea  Ridge, 
the  Fernando  formation  being  confined  to  the  southern  limb  of  the 
anticline,  though  crossing  to  the  north  of  the  axis  in  the  region  of  the 
Columbia  wells  (lease  No.  2),  and  possibly  farther  west,  in  the  ridge 
between  the  forks  of  Brea  Canyon. 

How  far  to  the  east  the  anticline  extends  is  undetermined.  It  doe^ 
not  appear  in  the  Fernando  at  the  point  of  the  ridge  between  Sequel 
and  Telegraph  canyons,  although  the  Puente  beds  here  have  the  oppo- 
site or  northerly  dip  and  half  a  mile  up  Telegraph  Canyon  show  dis- 
tinct evidences  of  a  fold.     It  may  be  that  the  anticline  continues 
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through  to  this  point,  the  Fernando,  however,  no  longer  bending  over 
the  crown  of  the  arch. 

The  direction  which  the  eastward  extension  of  the  Olinda  field  may- 
take  is  somewhat  problematic.  The  development  in  Columbia  ground 
(lease  No.  1)  follows  the  northern  fracture,  or  at  least  the  line  of  exces- 
sive disturbance  passing  up  Soquel  Canyon  to  the  entrance  of  Car- 
bonne  Canyon;  the  surface  conditions  prevailing  in  the  western  half 
of  the  productive  territory,  however,  continue  across  to  Telegraph 
Canyon,  except  that  the  Fernando  conglomerate  is  in  contact  with 
lower  members  of  the  Puente  than  to  the  west.  Apparently  the  beds 
are  somewhat  transitional  in  their  nature,  gray  micaceous  sandstone 
and  shale  lying  beneath  the  Puente  sandstone,  the  precise  horizon 
varying  from  point  to  point.  The  structure  of  the  lower  beds  is  very 
complicated.  In  the  northern  face  of  the  ridge  between  Telegraph 
and  Soquel  canyons  the  rather  heavy  gray  and  yellow  gritty  sand- 
stone dips  to  the  north,  while  the  associated  brown  argillaceous  shale, 
only  150  feet  distant,  has  a  southward  inclination.  The  strike  of  both 
is  N.  65°  E.  In  the  southern  face  of  the  ridge  the  principal  dip  of  the 
older  rocks  is  45°-80°  N.,  although  half  a  mile  up  Telegraph  Canyon 
the  beds  of  the  same  character  begin  to  show  a  southerly  dip,  which 
is  maintained  well  into  the  hills  to  the  south.  The  conglomerate  south 
of  these  beds  strikes  N.  65°  W.,  nearly  parallel  with  the  axis  of  the 
anticline  referred  to  above;  it  dips  80°-45°  S.,  according  to  the  dis- 
tance from  the  fault  line.  It  rests  upon  older  beds  that  dip  in  some 
places  to  the  north,  in  others  to  the  south,  the  northward-dipping 
rocks  lying  near  the  mouth  of  Telegraph  Canyon.  The  similarity  of 
the  conditions  in  Telegraph  Canyon  and  in  the  western  half  of  the 
Olinda  field  is  thus  obvious,  and  while  there  are  slight  differences  it 
would,  nevertheless,  seem  reasonable,  from  surface  conditions,  to 
exf)ect  equal  chances  for  obtaining  petroleum  along  the  line  of  the 
fault  or  unconformity  in  the  two  localities.  However,  wells  at  some 
distance  from  this  line,  in  the  Fernando  beds  on  the  ridge  south  of  the 
interior  valley,  have  not  yet  proved  successful. 

In  the  discussion  of  the  relations  of  Fernando  to  Puente  in  the  region 
of  Telegraph  Canyon  the  question  of  faulting  or  unconformity  arises 
with  the  same  force  as  elsewhere.  The  conditions  are  explicable  on 
the  basis  of  an  unconformity,  the  upheaval  and  erosion  of  the  older 
rocks  prior  to  the  deposition  of  the  Fernando  being  presupposed ;  they 
may  also  be  explained  by  faulting,  or  they  may  be  due  to  the  two 
causes  combined. 

OIL  wells. 

The  oil  wells  of  the  Olinda  field  number  over  100,  and  except  a  few, 
chiefly  along  the  outer  ridge,  all  have  been  of  wonderful  productive- 
ness, yields  of  700  to  1,000  barrels  of  oil  per  day  having  been  reached. 
The  maximum  depth  attained  is  3,000  feet     The  wells  are  ranged 
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along  two  lines,  the  northern  group  following  the  zone  of  greatest  dis- 
turbance, together  with  the  fault,  and  the  southern  following  the  land 
line  which  separates  the  properties  of  the  Santa  Fe  and  Fullerton  Con- 
solidated oil  companies  and  having  no  connection  whatever  with  the 
structure. 

The  oils  of  the  Olinda  field  vary  in  gravity  from  12°  to  35®  B.,  the 
heaviest  being  found  at  the  west  end  of  the  field  in  members  of  the 
Fernando,  those  of  18°  to  20°  B.  in  the  southwestern  part,  also  in  the 
Fernando,  and  those  between  23°  and  35°  B.  in  the  eastern  half  of 
the  productive  area  in  various  horizons  of  the  Puente. 

CHINO  FIELD. 

The  Chino  oil  field  occupies  a  small  area  on  the  crest  of  the  divide 
between  Soquel  Canyon  and  the  Chino  Valley,  5  miles  southwest  of 
the  town  of  Chino.  It  is  located  on  what  appears  to  be  one  of  the 
northeast-southwest  flexures  that  radiate  from  the  main  Puente  anti- 
cline. The  wells,  four  in  number,  are  drilled  in  the  axis  of  the  flexure 
and  on  either  side.  They  pierce  the  Puente  sandstone  and  under- 
lying shale,  but  the  details  of  their  logs  were  unavailable  at  the  time 
of  the  writer's  visit.  Aside  from  their  conmiercial  value,  thej^  are  of 
especial  interest  as  suggesting  the  possibilities  of  at  least  some  of  the 
subordinate  folds  in  the  hills. 

CONCIiU8IC>N8  C  OXCEIINIXG  FlTTlfRE  I»:VKIiOPMKNT. 

Whether  petrolemii  will  be  obtamed  north  of  the  line  of  maximum 
disturbance  in  the  Puente  fault  zone,  in  rocks  adjacent  thereto,  is 
questionable.  Thus  far  wells  in  this  position  have  been  unsuccessful. 
A  reservoir  of  coarse  sand  or  other  open-textiu*ed  rock  is  filled  with 
oil  at  the  expense  of  the  finer  strata  in  which  it  may  prove  to  have 
been  but  temporarily  stored,  or  in  some  of  which  it  may  have  even 
originated.  Under  conditions  such  as  have  been  described,  it  may  be 
inferred  that  in  the  region  of  the  fault,  along  the  southern  face  of  the 
Puente  Hills,  the  oil  has  been  drawn  from  the  beds  north  of  the  frac- 
ture zone  into  the  more  crushed  and  hence  more  open  and  porous 
strata  of  the  same  age  south  of  it,  and  also  into  the  still  more  receptive 
reservoir  of  coarse  sediments  presented  in  the  Fernando  formation. 
How  great  an  area  north  of  the  fault  may  have  thus  been  drained  it 
is  impossible  to  say. 

An  argument  in  favor  of  productiveness  of  the  Puente  formation 
away  from  the  zone  of  faults  is  presented  by  the  Puente  Oil  Com- 
pany's wells,  which  are  drilled  in  an  anticline  in  the  lower  division  of 
this  formation.  Similar  evidence  is  also  ofl'ered  by  the  wells  of  the 
Chino  Oil  Company,  which  penetrate  the  Puente,  including  the  sand- 
stone, on  a  fold  subordinate  to  the  main  Puente  anticline,  yet  not  far 
from  its  axis.     That  the  lower  Puente  shale  in  these  hills  is  generally 
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oil  bearing  in  some  degree  is  recognized,  that  the  Puente  sandstone  is 
also  hnpregnated  with  bitumen  is  evident,  but  that  the  shale  and  the 
associated  sandstone  are  everywhere  impregnated  to  such  an  extent 
as  to  render  them  of  economic  value,  under  structural  conditions  that 
would  be  regarded  as  favorable,  is  improbable. 

PETROIiEUM  OF  THE  PUENTE  niLIiS  DISTRICT.a 
YIELD  AND  GRAVITY  OF  OIL  IN  DIFFERENT  FIELDS. 

The  yield  of  the  individual  productive  wells  in  the  Puente  Hills 
varies  from  1  to  over  1.000  barrels  per  day,  those  in  the  Puente 
field  giving  the  lowest  averages  and  those  in  the  Brea  Canyon  field 
the  highest.  The  wells  of  the  Whittier  field  produce  oil  varying 
from  14°  to  24°  B.,  the  yield  of  the  individual  wells  running  from 
2  or  3  barrels  to  nearly  175  barrels  per  day  (in  one  well),  although 
it  is  said  that  one  or  two  wells  went  as  high  as  400  .barrels  at  the 
start.  The  gravity  of  the  Puente  field  oil  runs  from  28°  to  34°  B., 
but  the  average  yield  of  the  wells  is  lower  than  in  any  other  part  of 
the  district,  and  none  of  the  wells  have  gone  much  over  100  barrels 
per  day,  even  in  their  prime.  In  contrast  with  the  low  production 
and  high-grade  oil  of  the  Puente  field  is  the  high  production  and 
medium-gravity  oil  of  the  adjacent  Brea  Canyon  field.  The  gravity 
here  ranges  from  18°  to  26°  B.,  while  some  of  the  wells  yield  as  high 
as  1,000  barrels  per  day.  Several  flowing  wells  have  been  struck  in 
this  tenitory,  one  at  least,  it  is  said,  gushing  with  a  pre^ssure  of 
more  than  250  pounds  to  the  square  inch.  The  Olinda  field  fur- 
nishes both  high  and  low  grade  oil,  the  high  grade,  with  a  maxi- 
mum of  35°  B.,  coming  from  wells  in  the  northeastern  part  of  the 
field  yielding  from  2  or  3  to  150  barrels  per  day,  and  the  low  grade, 
with  a  range  of  18°  to  20°  B.,  coming  from  wells  in  the  west  end. 
Six  ** gushers"  have  been  developed  at  Olinda,  one  of  which  is  said 
to  have  flowed  at  the  rate  of  20,000  barrels  per  day  for  a  short  time. 
One  of  the  flowing  wells  on  the  Santa  Fe  property  is  now  (October, 
1905)  flowing  imder  a  pressure  of  100  pounds  to  the  square  inch. 

FACTORS  IN  YIELD  OF  WELLS. 

The  factors  governing  the  yield  of  oil  wells,  aside  from  the  natural 
conditions — ^porosity  of  rock,  pressure,  etc. — are  usually  those  con- 
nected with  the  manipulation  of  the  wells,  such  as  size  of  casing, 
loss  of  tools,  caving  in  of  casing,  or  accidents  of  one  kind  or  another. 
Sometimes,  however,  the  condition  of  the  oil  market  has  a  most 
|>otent  influence  on  the  production  by  causing  the  partial  or  total 
shutting  off  of  the  wells;  this  has  been  the  cause  of  a  decline  in  the 
production  of  several  groups  in  the  Puente  Hills  district  during  1905. 

a  For  a  discussioD  of  the  physical  and  chemical  proi)erties  of  the  oil  of  the  Puente  Hills,  see  pp. 
210-217. 
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The  yield  of  most  wells  becomes  less  with  the  lapse  of  time.  This 
decUne  is  generally  more  marked  during  the  first  few  months  of  the 
well's  life  than  later,  when  the  conditions  governing  the  flow  appear 
to  become  more  stable.  PI.  XVII,  giving  the  average  daily  yield 
by  months  of  a  group  of  wells  in  the  Puente  Hills  district,  illustrates 
graphically  the  common  variations  in  the  yield.  The  minor  fluctua- 
tions in  the  curves  are  usually  traceable  to  the  sanding  up  or  clean- 
ing out  of  the  wells  or  to  other  local  causes. 

ASSOCIATED  HYDROCARBONS. 

Brea  and  gas  are  the  only  hydrocarbons  associated  with  the  oil 
in  the  formations  of  the  Puente  Hills  district.  Brea  (sand  or  soil 
impregnated  with  oil  from  seepages,  the' volatile  substances  having 
evaporated)  is  found  in  all  of  the  fields.  The  largest  deposits  in 
the  district  are  in  Brea  Canyon,  on  the  south  slope  of  which  are 
considerable  areas  covered  by  the  material.  No  practical  use  has 
been  made  of  it  except  locally  for  road  dressing. 

Nearly  all  the  wells  in  the  territory  under  discussion  yield  more 
or  less  gas,  especially  in  the  earUer  stages  of  their  existence.  In 
some  localities  the  gas  contains  a  considerable  percentage  of  hydro- 
gen sulphide,  to  judge  by  the  odor  encountered  in  the  vicinity  of 
certain  wells;  in  others  the  gas  is  of  such  a  quality  as  to  be  used 
profitably  both  in 'the  generation  of  power  by  gas  engines  and  for 
domestic  purposes.  Among  the  companies  making  use  of  the  gas 
derived  from  their  wells  are  the  Santa  Fe,  in  the  OUnda  field,  and 
the  Murphy,  in  the  Whittier  field.  The  Santa  Fe  Company  is  said 
to  use  gas  entirely  for  all  purposes  requiring  the  generation  of  heat 
and  light  on  its  property.  Some  years  ago  a  well  yielding  gas 
under  strong  pressure  was  struck  south  of  Whittier,  in  the  western 
extension  of  the  Coyote  Hills  anticline.  This  well  never  furnished 
any  oil,  and  as  the  gas  gave  out  the  hole  was  abandoned. 

STORAGE  AND  TRANSPORTATION. 

With  the  exception  of  the  oil  in  the  OUnda  field,  much  of  which  is 
stored  in  open  earthen  reservoirs,  most  of  the  oil  of  the  Puente  Hills 
district  is  stored  in  circular  metal  tanks.  These  tanks  are  usually 
covered,  and  vary  in  capacity  from  5-barrel  settUng  tanks  to  stor- 
age tanks  holding  about  55,000  barrels.  The  tankage  of  the  Whit- 
tier field  is  something  over  200,000  barrels;  that  of  the  Puent« 
field,  including  the  Chino  refinery,  over  100,000  barrels;  that  of  BreA 
Canyon  approximately  85,000  barrels,  and  that  of  the  Olinda  field 
possibly  200,000  barrels.  In  addition  to  this,  the  Union  Oil  Com- 
pany has  a  storage  capacity  of  about  150,000  barrels  at  Norwalk, 
the  center  of  its  pipe-line  system,  and  of  37,500  barrels  at  San  Pedro, 
its  shipping  point  by  boat. 
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The  Union  Oil  Company  owns  all  the  longer  pipe  lines  in  the  dis- 
trict, with  the  exception  of  the  13-mile  3-inch  line  of  the  Puente 
Oil  Company  from  its  property  to  its  refinery  in  Chino  and  the  3-inch 
line  of  the  Mmphy  and  4-inch  line  of  the  Central  oil  companie^ 
from  their  wells  in  the  Whittier  field  to  Los  Nietos,  3  miles 
farther  west.  The  Union  lines  comprise  17  miles  of  5-inch  pipe 
from  San  Pedro  to  Norwalk;  15  miles  of  4-inch  (some  5-inch  also) 
from  Norwalk  to  Los  Angeles;  12  miles  of  4-inch  from  Norwalk  to 
Brea  Canyon;  3  miles  of  4-inch  from  Brea  Canyon  to  Olinda,  and 
4  miles  of  4-inch  from  Whittier  to  a  junction  with  the  Norwalk-Brea 
Canyon  Une. 

The  oil  is  shipped  from  Olinda  and  Los  Nietos  over  the  Atchison, 
Topeka  and  Santa  Fe  Railway,  and  the  Southern  Pacific  Company 
has  connections  at  Whittier  and  Los  Nietos  and  also  at  the  Puente 
Company's  refinery  at  Chino.  The  Union  Oil  Company  is  the  only 
one  shipping  oil  by  water  from  this  district,  its  loading  point  being 
San  Pedro,  which,  as  already  mentioned,  is  connected  by  pipe  line 
with  Norwalk  and  thence  with  all  the  fields  of  the  Puente  Hills. 

UTILIZATION  OF  THE  OIL. 

Much  the  larger  part  of  the  oil  produced  in  the  Puente  Hills  is  used 
in  southern  California.  Some  of  the  product,  however,  is  exported 
and  shipments  have  been  made  to  Alaska,  Washmgton,  Oregon,  Ari- 
zona, New  Mexico,  the  Hawaiian  Islands,  and  even  to  Chile.  In 
Alaska  the  oil  is  used  principally  for  the  development  of  power  for 
mining  purposes,  while  in  Washington  it  Ls  coming  into  direct  com- 
[>etition  with  the  local  coal,  which  it  is  supplanting  for  purposes  of 
gas  production  and  as  a  fuel.  The  chief  uses  for  oil  in  Arizona  and 
New  Mexico  at  present  are  in  connection  with  mining.  In  the 
Hawaiian  Islands  the  oil  is  used  principally  for  fuel  in  the  refining  of 
sugar  and  for  the  development  of  power  needed  in  the  irrigation  sys- 
tems on  the  great  plantations.  In  southern  California  it  is  used  for 
the  following  purposes,  named  in  the  order  of  the  amount  consumed: 
Fuel,  illuminants,  the  direct  development  of  power  in  gas  engines, 
oiling  roads,  and  lubricants. 

A  new  use  for  oil  that  has  been  developed  during  the  past  five  years 
is  for  the  purpose  of  road  dressing.  California  is  virtually  without 
rain  for  two-thirds  of  the  year,  and  as  a  result  the  subject  of  dusty 
highways  is  one  of  paramount  importance.  It  has  been  found  by 
experiment  that  the  heavy  oils  not  only  settle  the  dust  but,  if  prop- 
erly appUed  to  the  road,  produce  a  springy  surface  which  closely 
approaches  that  of  asphalt  paving.  The  usual  method  of  application 
is  to  scratch  or  break  up  the  surface  of  the  road  to  the  depth  of  an 
inch  or  more,  sprinkle  on  the  oil  by  means  of  certain  mechanical 
devices,  and  finally  spread  a  tliin  coating  of  sand  over  the  whole. 
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This  soon  becomes  packed  and  the  volatile  constituents  of  the  oil 
evaporate,  leaving  a  dustless,  springy  surface  of  asphalt,  soil,  and 
sand.  Several  municipalities  use  the  oil  process  entirely  for  their  city 
streets  and  hundreds  of  miles  of  country  roads  in  southern  California 
are  treated  in  a  similar  manner.  A  recent  judicial  ruling  which  holds 
that  the  principle  of  road  oiling  is  not  patentable  has  greatly  stimu- 
lated this  use  for  the  heavy  oils.** 

PRODUCTION. 

The  gross  production  of  petroleum  in  the  Puente  Hills  district  from 
1899  to  1904,  inclusive,  was  8,241,081  barrels,  as  follows: 

Production  ofoilin  PuenU  Hills  distnct,  1899-1906, 


Barrels. 

1899 :...      217,599 

1900 511,550 

1901 909,588 

1902 1, 728, 962 


Barrels. 

1903 2,545,318 

1904 2,328,064 

1905 ..: 2,007,021 


These  figures  were  compiled  from  data  furnished  by  the  officers  of 
all  the  producing  companies.  Previous  to  1899  the  oil  produced  in 
this  district  came  almost  entirely  from  the  Puente  field. 


PRICES. 


The  Union  Oil  Company  has  furnished  the  following  table,  showing 
the  average  price  per  barrel  paid  for  crude  oil  (average  gravity 
18°-19°  B.)  at  the  wells  in  the  Puente  Hills  district: 

Average  price  per  barrel,  tn  cenU,  paid  for  crude  oil  at  the  wells,  Puenle  Hills  district. 


January.. 
February. 

March 

April 

May. 


June 

July 

August 1 

September 

October 

November 

December  t. 

Average  for  year. 


1901.        1902. 


m 


80 


80 


1903.    I    1904. 


35-40  i 


35-40  I 


40 
40  ' 
60  I 


49  1 

53  I 
53 
44  ' 

50  j 

51  I 

54  I 

55  ( 

56  ' 
55  I 
63 
53  , 


1905. 


44 

53 
54 
48 
43 
45 
43 
42 
41 


o  For  a  detailed  description  of  the  road-oiling  process  see  Pruttman,  Paul  W.,  Production  and  use  ot 
petroleum  in  California:  Bull.  California  State  Mining  Bureau  No.  32, 1904. 
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The  following  list  gives  the  names  of  the  companies  that  have  put 
down  wells  in  the  different  fields  of  the  Puente  Hills  district,  with  the 
number  of  wells  drilled  by  each.  Those  marked  with  an  *  are  not 
operating. 

(tympanies  and  number  of  wells  in  Puente  HiUs  districty  1905. 


Name  of  company. 

Field. 

Number 
of  welle. 

Brea  Canyon 

Brea  Canyon 

20 

Buena  Vista* 

Puente 

1 

BuUa* 

Whittier 

3 

Central  of  Los  Angeles 

do 

46 

Chandl^T  (now  Murphy)* _ __,     _,     __ 

.  .    do 

3 

Cblno  Land  and  Oil  * 

Chino 

4 

Columbia  Oil  Producing  (lease  No.  2) 

Ollnda 

12 

East  WhitUer* 

Whittier 

2 

Fidelity 

do 

9 

Fullerton 

Olinda 

12 

Fullerton  Consolidated 

do 

10 

Golden  Gate  ♦ 

LaHabra 

1 

nrah^in-I.of  tut 

Olinda 

18 

Hardison* 

do 

1 

Holden  * 

Whittier 

1 

Home 

do 

18 

Iowa* 

Olinda 

Whittier 

LaHabra 

1 

Joyce* 

1 

Lo8  A  ngeles  Petroleum  * 

1 

M4»ngpff 

Brea  Canyon 

2 

Murphy 

Whittier     

21 

New  England* 

La  Habra 

3 

North  \v  hi  ttier  * 

Whittier 

2 

Ollnda  Crude* 

Olinda 

5 

Palo  Alto 

Whittier 

'''  I 

PaloSolo* 

do 

Pasadena 

(?) 
Whittier 

n 

1 

Price* .     .     . 

Puente 

Puente      .        ... 

65 

Puente  (Columbia  lease  No.  1) 

Ollnda 

28 

Santa  Fe  Ry 

do 

49 

Strong* 

Whittier 

3 

Tumbull  Canyon 

do 

1 

Turner 

do 

g 

Union 

Brea  Canyon 

30 

Union  (Sansinena)* 

La  Habra 

9 

Warner 

Whittier 

g 

W  hit  tier  Consolidated  * 

do.... 

2 

Whittter  Crude 

do 

9 

Whittier-F  ilmore 

.     .do     . 

2 

Whittier  Grand  * 

do 

1 

Whittier  Oil  and  Development  * 

...    do 

1 

Whittier  Producers  * 

do 

1 
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THE  LOS  ANGELES  OIL  DISTRICT,  SOUTHERN 
CALIFORNIA. 


By  Ralph  Arnold. 


INTRODUCTION. 

During  the  summer  of  1902  Mr.  George  H.  Eldridge  spent  about  two 
weeks  in  the  vicinity  of  Los  Angeles  collecting  data  concerning  the 
geology  and  oil  production  of  the  region,  but  owing  to  poor  health  for 
a  long  time  previous  to  his  death  in  1905  he  had  done  little  toward 
working  this  information  into  a  report.  Since  Mr.  Eldridge's  visit  the 
city  field  has  been  considerably  modified  by  the  abandonment  of  many 
wells  and  the  present  state  of  development  of  the  Salt  Lake  field  has 
been  brought  about.  It  has  therefore  been  necessary  to  make  a  new 
and  more  detailed  examination  of  the  same  region  in  order  to  prepare  a 
suitable  report. 

ACKNOWIiEDGMKNTS. 

The  writer  wishes  to  fully  acknowledge  the  value  of  Mr.  Eldridge's 
notes,  which  have  been  freely  used  and  which  have  contributed  largely 
to  whatever  of  value  there  may  be  in  the  following  pages.  Acknowl- 
edgments are  due  also  to  the  various  oil  companies  and  their  man- 
agers, as  well  as  to  individual  driUers  in  the  district,  for  assistance  in 
various  ways  and  for  information  given  by  them  during  the  course  of 
the  work.  Thanks  are  due  more  particularly  to  Mr.  E.  J.  Eginton, 
superintendent  of  the  Clark  Oil  Company;  to  Mr.  A.  F.  Gilmore,  of  the 
Gilmore  Oil  Company;  and  to  Mr.  W.  W.  Orcutt,  geologist  of  the 
Union  Oil  Company. 

PREVIOUS  KNOWIiEDGE  OP  TIIE  REGION. 

After  the  researches  of  William  P.  Blake  and  Thomas  Antisell,  geolo- 
gists accompanying  the  Pacific  Railroad  exploring  expeditions,  who 
visited  southern  California  in  1853  and  1855,  respectively,  and  of 
J.  D.  Whitney,  State  geologist,  who  went  over  portions  of  the  same 
territory  in  the  early  sixties,  no  important  geologic  investigations  in 
the  region  of  Los  Angeles  or  in  the  southern  California  oil  fields  in 
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general  were  carried  on  until  1894,  when  W.  L.  Watts  began  a  study 
of  the  petroleum  deposits  for  the  California  State  mining  bureau. 

Blake  was  the  pioneer  geologist  in  this  region  and  his  observations** 
are  wonderfully  accurate  in  view  of  the  dilBBculties  imder  which  he  and 
his  associates  worked.  The  part  of  his  report  relating  to  the  southern 
California  oil  fields  is  that  describing  the  region  of  the  route  traveled  by 
his  party,  from  San  Francisquito  Pass,  north  of  Saugus,  southward 
through  Fernando  Pass  to  Los  Angeles  and  thence  eastward  to  San 
Bernardino.  He  describes  the  east  end  of  the  Santa  Susana  Moim- 
tains,  mentions  Tertiary  fossils  found  in  Fernando  Pass,  and  speaks 
of  the  eruptive  rock  (basalt)  which  outcrops  in  Cahuenga  Pass. 
About  5  miles  northwest  of  Los  Angeles  he  found  some  'Might-colored 
shales,  thinly  stratified,  and  chained  with  bitumen,  which  formed 
black  and  brown  seams  between  the  layers,''  ^  and  correlated  them 
with  the  Miocene  shale  found  in  the  vicinity  of  Monterey.  Blake's 
only  observations  bearing  directly  on  the  oil  question  refer  to  the 
bitumen  which  he  noticed  exuding  from  the  light-colored  shale,  and 
are  as  follows:  ^ 

These  places  are  known  as  tar  springs,  or  pitch  springs,  and  some  of  them  form  large 
ponds  or  lakes.  One  of  the  springs  was  passed  on  our  way  to  the  city,  and  was  near  the 
outcrop  of  bituminous  shale  in  the  banks  of  the  creek  already  described.  This  spring 
was  nothing  more  than  an  overflow  of  the  bitumen  from  a  small  aperture  in  the  ground, 
around  which  it  had  spread  on  all  sides,  so  that  it  covered  a  circular  space  about  30  feet 
in  diameter.  The  accumulated  bitumen  had  hardened  by  exposure  and  its  outer  por- 
tions were  mingled  with  sand,  so  that  it  was  not  easy  to  determine  its  precise  limits.  It 
formed  a  smooth  hard  surface  like  a  pavement,  but  toward  the  center  it  was  quite  soft 
and  semifluid,  like  melted  pitch.  The  central  portion  of  the  overflow  was  higher 
than  its  margin;  and  it  was  evident  that  all  the  hard  portion  had  risen  in  a  fluid  state 
and  by  the  heat  of  the  sun  had  been  gradually  spread  out  over  the  surface;  at  the  same 
time  being  constantly  exposed  to  dust,  it  had  become  so  thoroughly  incorporated  with  it 
that  the  compound  had  all  the  consistency  of  an  artificial  mixture.  Tufts  of  "salt 
grass*'  were  growing  in  some  of  the  hollows  and  crevices  of  the  outer  portions  of  tne 
hardened  bitumen. 

During  the  winter  of  1854-55  an  exploring  party  under  the  direc- 
tion of  Lieut.  John  G.  Parke,  accompanied  by  Dr.  Thomas  Antisell, 
geologist,  examined  the  Santa  Susana  and  Santa  Monica  ranges  and 
the  region  adjacent  to  them  as  far  east  as  San  Bernardino.  The  results 
of  this  examination  are  set  forth  in  Parkers  report,^  one  chapter 
dealing  with  the  geology  of  the  two  and  another  with  the  plains  of 
San  Fernando,  Los  Angeles,  and  San  Bernardino.  By  far  the  most 
interesting  chapter  bearing  on  the  oil  question  in  AntiselFs  report  is 
that  on  "Bituminous  effusions,"  which  gives  a  brief  summary  of  all 
the  then  known  bitumen  deposits  in  the  State.  The  following  notes 
concerning  the  Los  Angeles  region  are  copied  from  this  chapter:^ 

a  Pacific  Railroad  Report,  vol.  5,  pt.  2,  1850,  pp.  65-88. 
6  Op.  cit.,  p.  76. 

e  Pacific  Railroad  Report.,  vol.  7,  pt.  2,  1857,  pp.  75-86. 
tfOp.dt.,  pp.  112-113. 
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Deposits  of  Los  Angeles  Valley. — .  .  .  The  asphalt  is  protruded  through  these 
strata  near  its  contact  with  the  argillite,  forming  distinct  wells  or  springs,  which  over- 
flow. The  land  where  they  lie  is  owned  by  Captain  Dryden,a  who  at  the  time  of  the 
visit  was  sinking  a  pumping  apparatus  for  hoisting  up  the  bitumen,  which  is  very  liq- 
uid at  this  locality,  where  it  forms  a  small  pond  a  fourth  of  a  mile  in  circumference, 
thinner  in  the  center  than  at  the  edges.  Like  the  other  varieties,  it  readily  dries  and 
forms  a  solid  pavement  some  yards  around  the  edge  of  tihe  wells.  A  large  quantity  is 
occasionally  raised  and  sold  at  the  rate  of  40  gallons  for  $5 — $1  for  8  gallons.  It  is  in 
some  demand  for  flooring  and  roofing.  The  quantity  drawn  at  present  seems  to  have 
no  effect  in  diminishing  the  supply,  but  as  intervals  of  rest  occur,  owing  to  the  limited 
demand,  it  is  difficult  to  say  what  continuous  supply  could  be  derived  from  this  source. 
Mr.  Trask,  in  his  report  (Doc.  No.  California,  session  1855),  calculates  the  amount  of 
asphaltum  in  the  counties  of  Santa  Barbara  and  Los  Angeles  as  not  less  than  4,000  tons. 
As  he  only  mentions  two  localities,  that  near  the  village  of  Santa  Barbara  and  this  at 
the  pueblo  Los  Angeles,  it  is  presumed  he  reckons  these  as  the  only  sources  of  his  esti- 
mate. He  does  not  state  what  the  data  of  the  calculations  are.  The  actual  quantity 
already  poured  out  on  the  Santa  Barbara  shore  is  vastly  greater  than  at  Ixis  Angeles — 
perhaps  6,000  tons  would  be  an  underestimate  for  Santa  Barbara,  but  as  a  source  of 
asphaltum  it  is  extinct,  while  that  at  Los  Angeles  is  actively  pouring  out,  although  the 
accumulated  overflow  is  much  smaller.  As  a  locality  of  asphaltum  available  for  the 
present  time,  Santa  Barbara  is  preeminent;  as  a  source  for  future  wants,  Los  Angeles  is 
preferable.  By  following  the  line  of  upheaval  on  these  hills  and  making  borings  in  the 
sandstone  strata,  the  bitumen  might  be  reached,  and  thus  other  sources  than  the 
natural  well  might  be  drawn  upon.  Doctor  Trask  values  the  asphaltum  delivered  in 
San  Francisco  at  $16  per  ton,  but  this  is  an  excessive  valuation  according  to  the  price 
at  the  well  or  according  to  the  calculations  of  freight  from  Santa  Barbara  northward. 
Allowing  the  value  to  be  $7  per  ton,  and  in  Los  Angeles  Valley  about  2,500  tons  to 
be  at  present  available,  the  actual  present  wealth  of  the  valley  in  bitumen  would 
be  $17,500.     This,  of  course,  does  not  take  into  account  the  future  supply. 

In  addition  to  the  descriptive  matter  Antisell  gives  a  geologic  sec- 
tion across  the  Santa  Monica  and  Santa  Susana  ranges  and  another 
from  San  Pedro  through  Los  Angeles  to  San  Fernando.^ 

J.  D.  Whitney,  State  geologist  from  1860  to  1874,  describes  the 
region  from  the  San  Fernando  Valley  north  to  the  Bay  of  Monterey,  ^ 
and  in  the  same  chapter  enters  into  a  discussion  of  the  probabilities 
of  finding  oil  in  the  Tertiary  rocks  of  the  Coast  Range.  lie  also 
severely  arraigns  the  promotors  of  'Svild-caf  oil  companies,  which, 
at  the  time  of  writing  the  report  (1865),  were  preying  on  the  credu- 
lous public.  Another  chapter  is  devoted  to  the  geology  of  the  Santa 
Monica  and  San  Gabriel  ranges  and  the  vicinity  of  Ijos  Angelej?.  The 
following  are  Whitney's  notes  concerning  the  brea  deposits  in  what 
is  now  the  Salt  Lake  field: *^ 

AlK)ut  7  miU*8  due  west  of  Ivos  Angeles  is  the  most  important  of  tlic  numerous  tar 
springs  awn  in  this  vicinity.  It  is  fmm  here  that  most  of  the  asphaltum  used  in  the 
town  is  obtained.  Over  a  space  of  15  or  20  acres  the  bituminous  material  (which, 
when  seen  by  i|s,  in  the  winter,  had  exactly  the  consistency  and  color  of  tar)  was  oozing 

oThp  "old  nr>don  well"  is  located  ulK>ut  thn*o-piglitlis  mile  north-northWest  of  Westlako  Park. 
b  Paeine  Railrpad  Rppt..  vol.  7,  pt.  2,  IHTiT,  PI.  V,  figs.  2,  X 
fOpol.  Suney  California,  doology,  vol.  1,  lSfi.%  pp.  108-166. 
dOp.  cit.,  pp.  171-175. 
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out  of  the  ground  at  numerous  pointa.  It  hardens  on  exposure  to  the  air  and  becomes 
mixed  with  sand  and  dust  blown  into  it,  and  is  then  known  as  "brea.'*  The  holes 
through  which  the  bitumen  comes  to  the  surface  are  not  large,  few  being  more  than  3 
or  4  inches  in  diameter.  On  removing  the  tarry  substance  from  the  holes,  by  repeatedly 
inserting  a  stick,  the  empty  cavity  was  very  slowly  filled  up  again.  At  one  place  there 
was  a  pit  several  yards  square  and  6  or  8  feet  deep,  from  which  the  tar  had  been  taken, 
but  it  was  filled  with  water  at  the  time  of  our  visit  in  consequence  of  late  heavy  rains. 
The  brea  is  used  almost  exclusively  for  covering  roofs  at  Los  Angeles,  selling  (in  1861) 
at  the  springs  for  $1  per  barrel,  the  purchaser  collecting  it  himself,  which  Ls  done  by 
digging  a  pit  2  or  3  feet  deep  by  the  side  of  one  of  the  holes  from  which  the  tar  is  issuing 
and  letting  it  fill  up.  A  very  large  amount  of  the  hardened  asphaltum,  mixed  with 
sand  and  the  bones  of  cattle  and  birds,  which  have  become  entangled  in  it,  lies  scaj:- 
tered  over  the  plain.  Before  1860  the  experiment  of  shipping  it  to  San  Francisco  for 
the  purpose  of  distilling  burning  oil  from  it  had  been  tried,  without  success,  at  least 
in  a  pecuniary  point  of  view. 

A  report  on  the  geology  of  a  portion  of  southern  California,  by 
Jules  Marcou  ;*  a  paper  on  the  petroleum,  asphaltum,  and  natural 
gas  of  California,  by  W.  A.  Goodyear,*  and  a  paper  on  the  origin, 
composition,  etc.,  of  California  petroleum,  by  F.  Salathfe,^  complete 
the  list  of  more  or  less  important  papers  bearing  on  the  geology  and 
oil  industry  of  the  region  about  Los  Angeles  up  to  1897. 

In  1897  W.  L.  Watts  issued  the  first  ^  of  his  two  reports  largely 
devoted  to  the  I^s  Angeles  and  adjacent  oil  districts.  In  this  report 
he  gives  a  brief  outline  of  the  geology  of  the  territory  discussed;  lists 
and  logs  of  productive,  test,  and  abandoned  wells,  and  notes  on 
miscellaneous  subjects,  such  as  fossils  of  the  oil-bearing  formations, 
.production,  uses,  and  chemical  and  physical  properties  of  the  oil, 
refineries,  drilling  machinery,  etc.  Watts's  second  report,*^  although 
covering  the  California  oil  districts  in  general,  is  still  largely  given  over 
to  the  fields  of  Los  Angeles,  Ventura,  and  Orange  counties.  Chapters 
are  devoted  to  a  discussion  of  the  structural  conditions  pertaining  to 
the  occurrence  and  distribution  of  petroleum  in  California,  the  uses 
and  chemical  and  physical  characters  of  the  oil,  etc.,  and  in  addition 
there  are  brief  reports  on  the  fossils  of  the  oil-yielding  formations  by 
J.  C.  Merriam,  on  the  Humboldt  County  oil  fields  by  F.  M.  Anderson, 
and  on  the  oil-}nelding  formations  of  Ran  Luis  Obispo  and  Monterey 
counties  by  II.  W.  Fairbanks. 

A  paper  by  G.  II.  Eldridge/  in  the  Contributions  to  Economic 
Geology  for  1902,  is  of  interest  not  only  on  account  of  its  comprehensive 
though  short  description  of  the  individual  fields,  but  also  because  it 


a  Ann.  Rept.  U.  S.  Geog.  Surv.  W.  100th  Mer.,  1876,  Appendix  II  1,  pp.  I'»8-172. 

b  Seventh  Ann.  Rept.  Califorina  Stat?  MInoralogist,  1HX8,  pp.  63-114. 

e Thirteenth  Ann.  Rept.  California  Stat-  Min.-ralosist,  \K)6,  pp.  6.^.0-661. 

c'Oil  and  gaa  yielding  formations  of  Los  Angelas,  Ventura,  and  Santa  Barbara  counties:  Bull.  Cali- 
fomia  SUte  Mining  Bureau  No.  11,  1897,  pp.  x  {-91,  Xi  flgs. 

«  Oil  and  gas  yielding  formations  of  California:  Bull.  California  State  Mining  Bureau  No.  19, 1900,  pp. 
236,  26  text  figs.,  35  half  tones,  13  maps. 

/  The  petroleum  fields  of  Callfomla:  Bull.  U.  S.  Oeol.  Survey  No  213,  1903,  pp.  306-321. 
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alone  contains  in  epitomized  form  a  number  of  the  conclusions  of  this 
eminent  authority  regarding  the  California  fields  as  a  whole.  A 
brief  description  of  the  Salt  Lake  field  is  given  by  the  writer  **  in  Con- 
tributions to  Economic  Geology  for  1905. 

A  most  useful  bulletin  relating  to  the  technical  and  commercial 
phase  of  the  oil  question  by  Paul  W.  Prutzman*  gives  maps  and 
other  brief  data  in  regard  to  the  principal  oil  districts,  together  with 
detailed  information  concerning  the  character  of  the  oil  and  its  uses 
for  fuel,  for  oiling  roads,  etc. 

.  A  short  bibliography  of  the  principal  papers  relating  to  the  geology 
and  technology  of  the  Los  Angeles  and  adjacent  oil  districts  and  to  the 
oil  industry  of  California  is  given  on  pages  199-202  of  this  report. 

liOCATION  AKI>  TOPOGRAPIIY. 

The  Los  Angeles  district,  comprising  the  productive  oil  fields  imme- 
diately north  and  west  of  the  city,  is  located  from  15  to  20  miles  from 
the  coast  in  the  central  part  of  southern  California.  Three  transcon- 
tinental railroads — the  Southern  Pacific,  the  Atchison,  Topeka  and 
Santa  Fe,  and  the  San  Pedro,  Los  Angeles  and  Salt  Lake — pass 
through  it,  and  steamers  touch  at  Port  Los  Angeles,  Redondo,  and  San 
Pedro,  its  ports  of  entry. 

The  city  of  Los  Angeles  occupies  an  area  of  about  15  square  miles, 
the  greater  portion  lying  west  of  Los  Angeles  River  at  its  debouch- 
ment from  the  low  hills,  which  to  the  west  pass  gradually  into  the 
Santa  Monica  Range  and  to  the  east  and  north  into  the  San  Rafael 
Hills  and  Verdugo  Mountains.  To  the  southeast  are  the  Raphetto 
Hills,  which  with  the  Puente  Hills  farther  southeast  constitute  the 
connecting  link  between  the  Santa  Monica  and  Santa  Ana  ranges. 
The  Elysian  Park  hills  north  of  the  city  trend  northeast  and  south- 
west. Their  southwestern  slope  is  gentle  and  extends  into  the  great 
Los  Angeles-Santa  Monica  plain.  Their  northeastern  slope  is  abrupt 
and  parallels  Los  Angeles  River.  Northwest  of  the  Elysian  Park  hills 
is  the  eastern  extension  of  the  Santa  Monica  Mountains,  somewhat 
isolated  from  the  main  range  by  Cahuenga  Pass,  which  trends  north- 
westward from  Hollywood,  a  suburb  of  Los  Angeles.  The  mountainous 
area  east  of  Cahuenga  Pass  is  cut  into  sharp  ridges  and  deep  canyons 
and  culminates  in  Cahuenga  Peak  at  an  elevation  of  1,825  feet. 

a  The  Salt  Lake  oil  field,  near  Los  Angeles,  Cal.:  Bull.  U.  S.  Geol.  Survey  No.  285,  1906,  pp.  224-226. 
flg.9. 

f>  Production  and  uses  of  petroleum  in  Califoraia:  Bull.  California  State  Mining  Bureau  No.  32, 19M, 
pp.  230,  64  figs. 
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North  of  the  Santa  Monica  Range  Ues  the  San  Fernando  Valley, 
separating  this  range  from  the  Santa  Susana  Mountains  on  the  north. 
South  of  the  Santa  Monica  Range  and  the  Elysian  Park  hills  is  the 
broad  Los  Angeles-Santa  Monica  plain,  which  slopes  gently  south- 
ward to  the  Inglewood  hills,  southwest  of  Los  Angeles.  A  physio- 
graphic feature  which  appears  to  reflect  in  a  general  way  the  under- 
lying structure — and  if  so  may  be  important  in  determining  the  loca- 
tion of  the  productive  territory — is  the  gentle  declivity  extending 
from  the  middle  of  the  Salt  Lake  field  northwestward  toward  Sherman. 

GEOI.OGIC  FORMATIONS. 

Ttntalive  correlation  of  oH-bearing  formations  of  southern  California  with  the  standard 

California  geologic  section. 
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GENERAL  STATEMENT. 

The  formations  involved  in  the  geology  of  the  region  about  Los 
Angeles  consist  of  (a)  black  micaceous  scliist;  (b)  a  granitic  series 
embracing  diorite,  gneiss,  and  other  crystalline  rocks;  (c)  more  than 
2,000  feet  of  Puente  sandstone  of  lower  Miocene  age;  (d)  about  2,000 
feet  of  upper  Puente  shale  and  soft,  thin-bedded  sandstone,  also  of 
Miocene  age,  (e)  basalt  and  diabase  intruding  the  previous  forma- 
tions, but  older  than  the  following:  (/)  2,000  feet  or  more  of  soft, 
thin  and  thick  bedded  sandstone,  thin-bedded  shale,  and  heavy- 
bedded  conglomerate  of  the  Fernando  formation,  largely  of  Pliocene 
age,  and  (g)  a  capping  of  Pleistocene  gravels  and  sands  of  variable 
thicknesses.     (See  fig.  12.) 


Quaternary 


Pliocene. 


Feet. 

100+  Alluvium  and  roughly  Ixnlded  gravel,  sand,  and  clay. 


ortion  thick-bcdded  soft  sandstone  with  a  few  lay- 
ers of  conglomerate  and  thin-bedded  sandy  shale.    Lower 
2,000  fj    portion,  largely  thin-bedded  soft  clayey  sandstone  and 
sandy  shale,  somewhat  petroliferous  near  the  Miocene 
I    contact. 


(Probable  unconformity,  beds  of  both   formations  having 
\    approximately  the  same  dip. 


Middle  (and  possibly 
upper)  Miocene. 


Lower  Miocene. 


2,000 i 


Upper  half,  thin-bedded  sandstone  and  sandy  shale,  with 
some  hard  siliceous  memljers  and  one  or  two  bands  of 
coarse  sandstone,  which  usually  carrv  oil.  Lower  half, 
alternating  bands  of  thin-bedded  siliceous  shale  and 
coarse  sandstone.  This  and  all  older  formations  in- 
tnided  by  diabase  and  basalt. 


Pre-Creta'^eous , 


I  Coarse,  heavy-l>tdded  brown  arkose  sandstone  Inter- 
bedded  with  minor  quantities  of  argillaceous  and  sili- 
ceous shale,  the  shale  being  relatively  more  abundant 
toward  tlie  top  and  bottom  of  the  formation.  Total 
thickness  unknown. 


Basement  complex  of  diorite  and  other  granitic  rocks  and 
gneiss,  associated  with  an  extensive  dark-i'olored  mica- 
ceous schist. 


Fig.  12.  -(JcncraHsu^d  geologic  section  for  the  immediate  vicinity  of  the  Los  Angeles  oil  fields. 
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BLACK  SCHIST. 

Black  micaceous  schist  with  a  general  northwesterly  dip  outcrops 
on  the  flanks  of  the  Santa  Monica  Mountains  about  a  mile  north- 
west of  Sherman  and  extends  in  a  westerly  direction  along  the  south 
slope  of  the  range  for  at  least  15  miles.  This  schist  is  black  to  dark 
reddish  brown  in  color,  in  some  cases  resembling  certain  hematite 
ores,  and  usually  shows  a  very  characteristic  luster,  due  to  the  faces 
of  the  mmute  component  mica  flakes.  Little  is  known  concerning 
the  age  of  these  rocks  except  that  they  are  older  than  the  granite 
which  bounds  them  on  the  east.  It  is  certain,  however,  that  they 
are  pre-Cretaceous  and  very  probable  that  they  are  Jurassic. 

GRANITE. 

A  large  part  of  the  Santa  Monica  Mountains  from  th|B  vicinity  of 
Coldwater  Canyon  eastward  to  Los  Angeles  River  is  made  up  of 
granitic  rocks  similar  in  all  respects  to  and  probably  contempora- 
neous with  the  granitic  rocks  which  form  the  Verdugo  hills,  the 
northern  part  of  the  San  Rafael  hills,  and  the  major  part  of  the 
great  San  Gabriel  Range  to  the  north  and  east  of  the  Santa  Monica 
Mountains.  In  the  region  about  Edgemont,  northeast  of  Holly- 
wood, the  rock  appears  to  be  a  fine-grained  fciotite  granite,  showing 
considerable  quartz  in  hand  specimens,  althoiigh  weathering  pre- 
cludes any  exact  determination  of  the  composition.  Biotite  and 
hornblende  granite,  with  some  closely  associated  brown  micaceous 
schist,  appears  to  make  up  the  larger  portion  of  the  crystalline  area 
from  Cahuenga  Pass  westward  to  Coldwater  Canyon.  With  the  pos- 
sible exception  of  the  western  contact,  which  is  probably  one  of 
deposition,  the  rock  of  the  Edgemont  area  appears  to  be  separated 
from  the  adjacent  formation  by  fault  planes,  although  the  exact 
nature  of  the  shale-granite  contact  north  of  Ivanhoe  was  not  deter- 
mined. The  granite  is  younger  than  the  black  schist  and  is  cer- 
tainly pre-Cretaceous  and  probably  late  Jurassic  in  age. 

PUENTE  SANDSTONE,  a 
GENERAL  CHARACTER. 

The  oldest  Tertiary  rocks  so  far  discovered  in  the  Los  Angeles 
area  consist  of  a  heavy-bedded  sandstone  which  overlies  the  pre- 
Cretaceous  granite  and  schist  on  the  flanks  of  the  Santa  Monica 
Mountains  and  makes  up  the  bulk  of  the  Elysian  Park  hills  and 
the  hilk  on  the  northeastern  side  of  Los  Angeles  River  from  Gaston 
southeastward  to  the  hills  east  of  Eastlake  Park.  The  lower  part 
of  the  formation  is  somewhat  argillaceous  and  may  correspond  to 

a  See  note  regarding  divisions  of  Puente  formation  on  p.  103. 
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the  lower  Puente  shale  or  to  a  portion  of  the  Vaqueros  formation, 
but  the  larger  part  is  doubtless  contemporaneous  with  the  Puente 
sandstone  of  the  Puente  hills  district.  The  best  exposures  of  the 
Puente  sandstone  in  the  region  about  Los  Angeles  are  in  the  Elysian 
Park  hills,  which  are  developed  on  the  southern  limb  of  a  great 
anticline.  (See  PI.  XXI,  B.)  The  formation  as  here  developed  con- 
sists of  at  least  2,000  feet  of  heavy-bedded,  coarse-gray  to  rusty- 
arkose  sandstone,  interbedded  at  irregular  intervals  with  dark-col- 
ored earthy  and  siliceous  shale.  The  sandstone  beds  vary  in  thick- 
ness from  1  to  12  feet.  Some  are  imiformly  hard  throughout,  while 
others  are  concretionary,  the  concretions  usually  being  elliptical  in 
shape  and  in  some  cases  coarser  grained  than  the  surroimding  rock. 
As  a  rule,  however,  the  sandstone  is  soft  and  falls  an  easy  prey  to 
weathering  agents,  being  much  less  resistant  than  the  interbedded 
shale.  This-  differential  weathering  is  well  exemplified  in  certain 
ridges  in  Elysian  Park,  which  cut  transversely  across  alternate  layers 
of  the  steeply  dipping  sandstone  and  shale,  the  latter  forming  promi- 
nent knobs  at  its  outcrops  along  the  top  of  the  ridge.  Jointing  is 
well  developed  in  the  sandstone  in  certain  localities,  notably  at  the 
south  end  of  Elysian  Park,  where  hardening  along  the  cracks  of 
three  different  systems  forms  a  kind  of  block  structure.  This  is 
common  in  similar  sandstones  at  many  places  throughout  the  Coast 
Range.  In  the  region  west  of  Edgemont  and  also  along  the  flanks 
of  the  Santa  Monica  Mountains  west  of  Sherman  the  basal  beds  of 
the  Puente  consist  of  conglomerate  and  sandstone,  with  appreciable 
amounts  of  interbedded  gray  to  drab  shale.  The  pebbles  and  cob- 
bles in  the  conglomerate  consist  of  granite  rocks,  diorite  porphyry, 
quartzite,  etc.,  some  attaining  a  diameter  of  3  feet.  In  the  region  of 
the  basalt  intrusions  and  flows  about  Cahuenga  Pass  the  sandstone 
appears  to  have  been  slightly  baked,  and  is  harder,  more  jointed,  and 
darker  colored  than  in  the  Elysian  Park  hills.  It  may  also  represent 
a  somewhat  lower  horizon  than  the  Elysian  Park  rock. 

FOSSILS. 

The  Puente  sandstone  has  yielded  fossils  in  several  localities  in 
this  region.  In  a  street  cut  in  Pasadena  on  the  west  side  of  Ray- 
mond Hill,  about  2  miles  northeast  of  the  comer  of  the  area  shown 
in  the  accompanying  map  (PI.  XVIII)  was  foimd  the  following  fauna: 

PuevUe  fossils  from  Raymond  Hilly  Pasadena^  Cal, 

Area  cf.  montereyana  Osmont. 

Chione  n.  sp.?  (small,  with  prominent  concentric  frills). 

Leda  cf.  taphria  Dall  (PI.  XXXVIII,  fig.  5). 

Panopea  generosa  Gould. 

Phacoides  cf.  acutilineatus  Conrad. 

Thracia  n.  sp. 
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Yoldia  n.  ep. 

Agasoma  barkerianum  Cooper. 

Natica  or  Neverita  sp. 

Turritella  cf.  variata  Conrad  (PI.  XLI,  figs.  10,  11,  12). 

Another  fossiliferous  locality  is  at  Laughlins  Hill,  one-half  mile 
southwest  of  Edgemont,  where  the  following  species  were  obtained: 

Puenle  fossils  from  Laughlins  Hilly  north  of  Los  Angeles,  Col. 

Cardium  sp.  (large;  sharp  ribbed). 

Pecten  craasicardo  Conrad  (PI.  XXXI,  fig.  1). 

Phacoides  cf.  children!. 

Phacoides  richthofeni  Gabb. 

Neverita  calloea  Gabb  (PI.  XXXI,  figs.  4,  4a). 

Trophon  sp. 

The  following  fauna,  characteristic  of  the  lower  Miocene  through- 
out the  southern  San  Joaquin  Valley  and  as  far  south  as  the  Santa 
Ana  Mountains,  is  found  at  the  head  of  Topanga  Canyon,  about  3 
miles  south  of  Calabasas,  at  the  west  end  of  the  San  Fernando  Valley: 

PttenU  fossils  from  S  miles  south  of  Calabasas ,  Los  Angeles  County,  Cat. 

PELFXYPODA. 

Callista  (Ainiantis)  diabloensis  Anderson. 

Cardium  sp.  (sharp  ribs). 

Cardium  sp.  (square  ribs). 

Chione  temblorensis  Anderson  (Pi.  XXX,  figs,  1,  la). 

Doeinia  ponderoea  Gray  (PI.  XXXIII,  fig.  4). 

Glycymeris  sp.  (large). 

Macoma  cf.  nasuta  Conrad. 

Mytilus  mathewsonii  Gabb  var.  expansus  Arnold  (PI.  XXX,  fig.  2). 

Ostrea  titan  Conrad  (PI.  XXVII,  fig.  2;  PI.  XXXII,  fig.  2). 

Pecten  bowersi  Arnold  (PI.  XXVII,  fig.  1). 

Pecteti  cf.  miguelensis  Arnold. 

Phacoides  richthofeni  Gabb  (PI.  XXXII,  fig.  4). 

Venus  pertenuis  Gabb. 

GASTEROPODA. 

Agasoma  cf.  kernianum  Cooper. 

Bittium  sp. 

Callioetoma  sp.  « 

Cancellaria  cf.  condoni  Anderson  (PI.  XXVII,  fig.  9). 

Cerithium  topangensis  Arnold  (PI.  XXVII,  figs.  7,  8). 

Chloroetoma  (Omphalius)  dalli  Arnold  (PI.  XXVII,  figs.  4,  4a,  4b,  5,  6,  6a). 

Cylichna  sp. 

Dolichotoma  keepi  Arnold  (PL  XXXIII,  fig.  5). 

Drilliasp. 

Fusussp. 

Macron  merriami  Arnold  (PI.  XXVIII,  figs.  4,  4a). 

Neverita  calloea  Conrad  (PI.  XXXI,  figs.  4,  4a). 

Ocinebra  topangensis  Arnold  (PL  XXX,  fig.  4). 

Purpura  edmondi  Arnold  (PL  XXVII,  figs.  3,  Sa)'. 

Sigaretus  perrini  Arnold  (PL  XXVIII,  fig.  5). 
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Trochita  costellata  Conrad  (PL  XXXII,  fig.  3). 

Trochita  cf.  inornata  Gabb. 

Trophon  sp. 

Turbo  topangensis  Arnold  (PL  XXVIII,  fig.  6). 

Turritclla  ocoyana  Conrad  (PL  XLI,  figs.  7,  8,  9). 

Turritella  variata  Conrad  (PL  XLI,  figs.  10,  11,  12). 

The  above  fossils  indicate  that  the  beds  in  which  they  occur  are  of 
lower  Miocene  age  and  probably  equivalent  in  general  to  the  Vaqueros 
sandstone  of  central  California. 

UPPER  PUENTE  SHALE. 
GENERAL   CHARACTER. 

Above  the  massive-bedded  Puente  sandstone  and  grading  into  it 
is  a  mass  of  strata  at  least  2,000  feet  thick,  in  which  shale  beds  of 
one  sort  or  another  largely  predominate.  No  shaq>  line  of  demarca- 
tion separates  this  shale  from  the  sandstone  beneath,  but  as  a  whole 
they  are  radically  unlike.  The  two  members  are  differentiated  on 
the  map  (PL  XVIII)  along  a  line  which,  it  is  thought,  marks  the 
boundary  between  the  preponderance  of  the  sandstone  facies  on  the 
one  hand  and  the  preponderance  of  the  shale  on  the  other.  The  shale 
in  the  region  north  of  Los  Angeles  may  be  roughly  divided  into  two 
approximately  equal  parts,  the  lower  1,000  feet  consisting  of  broad 
bands  of  thinly  laminated  white  to  gray  shale  interbedded  with 
similar  bands  of  more  or  less  thick-bedded,  coarse  yellowish  to  brown 
sandstone,  and  the  upj>er  1,000  feet  or  more  being  characterized  by 
thin-bedded  sandy  and  clayey  shale  and  thin  to  medium  bedded 
sandstone.  At  the  top  of  the  shale  series  is  a  band  of  thin-bedded 
hard  white  siliceous  shale,  interstratified  with  2  to  4  inch  layers  of 
brown  sandstone.  The  top  of  this  band  is  used  in  mapping  as  the 
arbitrary  line  between  the  Puente  formation  and  the  overlying  Fer- 
nando (Pliocene)  sandstone. 

Most  of  the  shale  in  the  lower  part  of  the  member,  and  also  many 
of  the  shale  beds  interstratified  with  the  Puente  sandstone,  are  of  the 
hard  white  siliceous  variety  characteristic  of  the  Monterey  shale  in 
the  Coast  Range.  This  shale  splits  easily  along  the  bedding  planes 
into  thin,  sharp-cornered  plates.  Fragments  of  these  scales  or  plates, 
which  are  very  resistant  to  weathering,  are  often  found  scattered 
over  the  ground  and  thus  indicate  the  presence  of  the  beds  over  areas 
in  which  outcrops  may  be  rare.  Abundant  minute  organic  remains 
are  usually  found  in  the  siliceous  layers,  but  no  recognizable  mollus- 
can  forms  have  so  far  been  obtained  from  them  in  this  region.  In 
the  territory  northeast  of  Los  Angeles  the  structure  is  complex  and 
an  exact  determination  of  the  position  of  the  shale  is  impossible;  but 
it  is  probable  that  most  of  it  belongs  to  the  upper  part  of  the  Puente 
formation.     In  the  vicinity  of  Sycamore  Park  the  rock  consists  of 
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at  least  400  to  500  leet  of  very  dark  colored,  highly  carbonceous, 
thinly  laminated  gypsiferous  shale,  showing  traces  of  sulphur  on  the 
weathered  surfaces.  Associated  with  this  is  dark-brown  sandy  shale, 
int^rstratified  with  yellowish  limy  layers  containing  gray  to  yellowish 
calcareous  elhptical  concretions  as  much  as  5  feet  in  length.  Thin- 
bedded  white  chalky  shale  containing  numerous  fish  remains  is  also 
found  a  little  to  the  southwest  of  Sycamore  Park.  In  the  region 
about  the  mouth  of  Cahuenga  Pass,  where  the  shale  is  intruded  by 
diabase,  it  is  much  contorted  and  fractured,  gray  to  discolored  blue 
gray  and  rusty  brown  in  color,  in  places  gypsiferous,  and  much  of  it 
tending  to  concretionary  structure. 

The  upper  1,000 -feet  or  more  of  the  upper  Puente  shale  consists 
principally  of  soft,  thin-bedded  clayey  to  sandy  shale,  varying  in 
color  from  gray  through  light  yellow  to  rusty  brown  and  locally, 
where  oil  bearing,  to  bright  tints  of  yellow  and  pink.  A  peculiar 
efflorescence  characterizes  the  weathering  of  the  sandy  members  of 
these  upper  beds  in  many  places.  At  the  top  of  the  formation  are 
two  bands  of  thinly  laminated,  alternating  hard  white  and  soft  drab 
shale,  separated  by  about  125  feet  of  coarse  sandstone,  the  latter 
being  shown  on  the  map  (PI.  XVIII)  by  a  special  legend.  These  two 
shale  bands,  mth  their  interbedded  and  underlying  thin-bedded 
sandstone,  mark  the  principal  oil-bearing  zone  in  the  Los  Angeles 
district. 

Associated  with  the  shale  at  the  top  of  the  lower  half  of  the  upper 
Puente  shale  is  a  50-foot  band  of  coarse  arkose  sandstone,  which  is 
shown  on  the  map  in  the  same  color  as  the  Puente  sandstone. 

OIL   SANDS. 

As  mentioned  in  the  preceding  section,  the  productive  oil  sands 
occur  interbedded  with  the  shale  near  the  top  of  the  Puente  forma- 
tion. Exposures  of  these  sands  are  to  be  found  almost  continuously 
along  the  mapped  oil-sand  zone,  running  from  the  Sisters'  Hospital, 
on  Simset  boulevard,  to  the  bend  in  the  Hollywood  and  Cahuenga 
Valley  Raiboad,  on  Western  avenue.  The  surface  exposures  of  the 
upper  sands,  which  aggregate  about  125  to  150  feet  in  thickness,  usu- 
ally either  are  more  or  less  impregnated  with  oil  or  asphaltum  or  else  by 
their  color  show  the  eflFects  of  its  former  presence  in  the  beds.  These 
sands  vary  in  color  from  brown  to  dark  drab  and  in  some  instances 
show  bright  tints  of  pink,  purple,  and  yellow.  As  a  rule  they  are 
coarse  and  in  places,  notably  toward  the  west  end  of  the  district, 
they  are  more  or  less  finely  conglomeratic.  The  concretionary  tend- 
ency is  also  characteristically  shown  in  certain  of  the  beds.  In  the 
low  hilly  region  flanking  the  Elysian  Park  hills  on  the  west  what  is 
supposed  to  be  the  equivalent  of  a  part  of  the  oil  sands  is  character- 
ized by  large,  hard  concretions.  (See  PI.  XXI,  A,)  At  one  place 
Bull.  3(»-07 11 
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these  concretions  are  round,  while  at  others  they  vary  from  elliptical 
to  irregular;  they  are  usually  4  feet  or  less  in  diameter.  In  some  of 
the  layers  of  this  band  the  grains  of  quartz  and  feldspar  attain  a 
diameter  of  three-eighths  of  an  inch,  in  others  the  grain  is  finer. 
The  color  of  the  sands  here  varies  from  gray  through  light  yellow  to 
purple,  the  latter  color  indicating  the  former  presence  of  oil  in  the 
rock. 

About  300  feet  stratigraphically  beneath  the  upper  oil  sands  is  the 
second  productive  layer.  This  consists  of  40  to  50  feet  of  thick  to 
medium-bedded  arkose  strata,  similar  in  all  practical  respects  to  the 
upper  sands.  Between  these  two  principal  layers  and  in  the  shale 
beneath  the  lower  are  other  sandy  beds,  which  are  shown  by  the  well 
records  in  the  west  end  of  the  field  to  be  more  or  less  productive. 
The  great  bulk  of  the  oil,  however,  is  derived  from  the  two  principal 
layers  just  described. 

MIOCENE    BASALT. 

Lai^e  masses  of  basalt  are  associated  with  the  Puent^  sandstone 
and  shale  in  the  region  about  the  mouth  of  Cahuenga  Pass  and  to  the 
east  as  far  as  Laughlins  Hill.  From  evidence  to  be  obtained  at  dif- 
ferent localities  in  this  region,  both  intrusive  masses  and  surface  flows 
are  reprjj^cnted  by  the  rock.  Outcrops  of  a  spheroidal  type,  such  as 
that  forming  the  little  knoll  three-fourths  of  a  mile  northwest  of  Hol- 
lywood, indicate  the  intrusions,  while  the  vesicular  facies  found  in  the 
east  end  of  Laughlins  Hill  tends  to  prove  the  existence  of  the  flows. 
The  usual  color  of  the  weathered  outcrops  is  purplish  red  to  reddish 
brown,  the  overlying  soil  in  nearly  all  cases  partaking  of  the  character- 
istic color  of  the  underlying  rock.  The  igneous  rock  in  the  knoll 
three-fourths  of  a  mile  northwest  of  Hollywood,  although  doubtless 
genetically  identical  with  the  fine-grained  basalt  lying  farther  east, 
somewhat  resembles  in  hand  specimens  certain  forms  of  diabase. 

The  age  of  the  basalt  is  the  same  as  that  of  similar  rocks  found  north 
and  northwest  of  Santa  Monica  in  the  Santa  Monica  Mountains,  also 
in  the  Puente  Hills,  north  of  Brea  Canyon,  and  in  many  regions  of  the 
Coast  Range  at  least  as  far  north  as  the  Santa  Cruz  Mountains.  The 
rock  intrudes  or  is  interbedded  with  the  Vaqueros  sandstone  and  Mon- 
terey shale  or  contemporaneous  formations  at  one  locality  or  another, 
but  is  unknown,  except  as  worn  pebbles  in  conglomerate,  in  any  of 
the  later  formations.    It  is  therefore  of  middle  Miocene  age. 

FERNANDO    FORMATION. 
GENERAL   CHARACTER. 

The  line  of  demarkation  between  the  Miocene  and  Pliocene  forma- 
tions in  the  region  about  Los  Angeles  is  not  at  all  distinct.  There  is 
no  doubt  of  the  existence  of  a  decided  break  between  the  white  shale 
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of  the  Miocene  and  the  upper  fossiliferous  sand  and  conglomerate  of 
the  Pliocene,  represented  by  a  period  of  deformation  and  subsequent 
erosion.  Just  what  plane  in  the  stratigraphic  sequence  of  beds  marks 
this  period,  however,  has  not  been  determined.  The  interbedded 
conglomerate  f oimd  in  the  fossiliferous  lower  Pliocene  sandstone  con- 
tains numerous  waterwom  and  pholas-bored  fragments  of  the  charac- 
teristic white  Miocene  shale,  and  this  evidence  clearly  proves  the  con- 
ditions of  a  break  or  unconformity.  A  marked  unconformity  is 
usually  discernible  between  the  Monterey  shale  and  subsequent  for- 
mations at  most  places  throughout  the  Coast  Range  where  the  two 
formations  are  in  contact,  so  that  it  is  not  at  all  surprising  to  meet  this 
evidence  here.  Over  many  areas,  both  north  and  south  of  the  Los 
Angeles  district,  similar  evidence  is  corroborated  by  the  presence  of 
marked  structural  unconformities.  Here  this  latter  evidence  appears 
to  be  lacking. 

It  is  necessary,  therefore,  to  draw  an  arbitrary  line  separating  the 
two  formations.  Because  of  the  almost  complete  absence  of  the  hard 
white  siUceous  shale  from  the  Pliocene  (Fernando)  the  line  separating 
the  Miocene  (Puente)  and  the  Pliocene  (Fernando)  has  been  drawn  at 
the  top  of  the  uppermost  layer  of  hard,  white  shale.  This  line  is  prob- 
ably somewhat  lower  than  if  it  were  drawn  on  paleontologic  evidence. 
In  other  words,  the  lower  part  of  what  is  here  termed  the  Fernando 
formation  (Pliocene)  is  possibly  Miocene  and  jnay  be  contempora- 
neous with  some  portion  of  the  San  Pablo  (upper  Miocene)  of  central 
California. 

The  basal  portion  of  the  Fernando  formation  consists  of  about  500 
feet  of  soft  to  compact,  thin-bedded  sandstone  and  sandy  shale,  with 
some  zones  in  which  the  shale  is  fine  grained  and  clayey.  (See  PI. 
XXrV,  A,)  The  color  of  the  beds  ordinarily  varies  from  gray  and 
light  yellow  to  rusty  brown,  except  in  those  strata  that  are  or  have 
been  impregnated  with  oil,  many  of  which  are  chocolate,  purple,  or 
bright  yellow.  Above  the  purely  sandy  strata  is  a  zone  about  500  feet 
thick  in  which  some  of  the  shale  is  calcareous  and  very  hard.  Some  of 
this  hard  shale,  especially  that  which  shows  a  tendency  to  concre- 
tionary structure,  closely  resembles  certain  of  the  Miocene  shales. 
This  zone  of  calcareous  shale  is  also  rich  in  gypsum,  some  of  the  veins 
being  2  inches  wide.  Most  of  the  veins  occur  between  the  bedding 
planes  of  the  shale,  although  some  cut  the  strata  transversely. 

Above  the  shaly  portion  of  the  Fernando  are  thick-bedded,  soft 
gray  to  light-yellow  sandstone  and  coarse  conglomerate  associated 
with  some  thin-bedded  bluish-gray  sandy  shale  or  shaly  sandstone. 
The  thin  beds  of  conglomerate  in  this  portion  of  the  formation  are 
those  already  mentioned  as  being  composed  largely  of  waterwom  and 
pholas-bored  fragments  of  the  siliceous  Puente  shale.  This  conglom- 
erate, as  well  as  the  sandstone  and  sandy  shale,  yields  a  characteristic 
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lower  Pliocene  marine  molluscan  fauna.  The  thickness  of  the  upper 
part  of  the  formation  is  somewhat  problematical,  although  the  evi- 
dence at  hand  shows  that  it  is  1,000  feet  or  more,  making  the  total 
thickness  of  the  Fernando  over  2,000  feet. 

The  areal  distribution  of  the  formation  is  most  interesting  when 
considered  in  its  relation  to  the  Puente.  In  the  region  of  the  oil  belt 
the  Fernando  rests  upon  the  uppermost  Puente  white  shale  in  a  greut 
southward-dipping  monocline.  East  of  the  oil  belt  and  Los  Angeles 
River  this  simple  relation  seems  to  be  changed.  Here,  in  the  meager 
exposures  afforded  by  rare  gaps  in  the  Pleistocene  and  alluvium 
deposits,  occur  what  appear  to  be  the  lower,  thin-bedded  sandstone 
and  sandy  shale  of  the  Fernando  ii^  contact  with  the  Puente  sand- 
stone, the  white  shale  apparently  being  absent  through  the  agency 
either  of  an  unconformity  or  of  a  fault,  or  of  both  combined.  The 
Fernando  also  extends  southeastward  to  San  Gabriel  River,  compris- 
ing the  bulk  of  the  sediments  of  the  Raphetto  hills,  the  west  end  of 
which  is  shown  on  the  map.  -  (PL  XVIII.)     - 

FOSSILS. 

The  following  fossil^  were  obtained  by  Homer  Hamlin  from  the 
Third  street  tunnel  in  Los  Angeles  and  indicate  the  lower  Pliocene  age 
of  at  least  this  part  (upper  sandstone,  sandy  shale,  and  conglomerate) 
of  the  Fernando  formation : 

Lower  Pliocene  fossils  from  the  Fernando  beds  in  the  Third  street  tunnel,  Los  Angeles. 

Area  multicostata  Sowerby  (PI.  XXXVIII,  fig.  1). 

Astarte  sp. 

Lima  hamlini  Dall. 

Macoma  sp.  indiv. 

Ostrea  veatchii  Gabb  (PI.  XXXIX,  fig.  1). 

Peoten  ashleyi  Arnold  (PI.  XXXIV,  fig.  2). 

Pecten  latiauritus  Conrad  (PI.  XXXVI,  figs.  2,  3). 

Pecten  opuntia  Dall  (PI.  XXXVI,  fig.  8). 

Pecten  pedroanus  Trask  (PI.  XXXVI,  figs.  5,  6). 

Pecten  stearnsii  Dall  (PI.  XXXV,  fig.  2). 

Buccinum  sp.  indet. 

Fissuridea  murina  Carpenter  (PI.  XL,  figs.  3,  3a). 

Nassa  hamlini  Arnold  (PI.  XL,  fig.  9). 

Neverita  recluziana  Petit  (PI.  XXXVIII,  fig.  6). 

Pleurotoma  sp.  indet. 

Priene  oregonensis  Redfield  var.?  angel ensis  Arnold  (PL  XL,  fig.  11). 

The  following  is  a  list  of  fossils  collected  by  W.  L.  Watts  in  the 
vicinity  of  Los  Angeles  and  largely  identified  by  J.  G.  Cooper:* 

a  Ball.  California  State  Mining  Bureau,  No.  11, 1897,  pp.  79-81. 
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Pliocene  fossils  from  Los  Angeles  and  vicinity. 


Name. 

o 

o 

1 

£| 

og 

!l 

it 

5 

li 

o 

other  localities'. 

Dittium  aspenim  Qabb 

X 
X 

"x" 

Calliostoma  costatuni  Martyn 

1 

Carcharodon  rectus  Agas^z 

X 
X 

Canoellaria  tritonidea  Gabb 

Cerithidea  califomica  Haldeman 

X 
X 

X 

Chama  ©xogyra  Conrad 

Clathurella  conradiana  Gabb 

Corbula  luteola  Carpenter 

X 
X 
X 

Crepidula  princeps  Conrad 

X 

X 

X 

Cryptomya  calif ornica  Conrad 

Driula  n.  sp.  (?) 

Hays  Canyon. 

Diplodonta  orbella  Gould 

X 

Glycvmeris  barbarensls  Conrad 

X 
X 

Hinnites jgiganteus  Gray 

KpUia  RunnrbioYilArin  Mnnta^v^ 

X 

X 

X 

Reynolds  &  Wiggins  well,  Los  An- 

Laqueus calif omlcus  ?  Koch 

geles. 
Temescal  Canyon. 

LItnophagus  plumula  Reeve 

X 

Macoma  inquinata  Deshayes 

X 
X 

Macoma  nasuta  Conrad . .'. 

X 
X 

Mactra  califomica  Conrad 

X 

Mitra  niaura  Swalnson .... 

X 

Nassa  fosaata  Gould 

X 

X 
X 
X 

Nassa  califomiana  Conrad ' 

Nassa  mendica  Gould 

X 
X 

Nassa  perpinguis  Hinds 

Neverita  recluziana  Petit 

First  and  Olive  streets,  Los  An« 

Ocinebra  lurida  Middendorff 

X 

geles. 

Ostrea  veatchii  Gabb 

X 

I 

Brown  Canyon. 

Oxyrhina  plana  Agassiz 

X 
X 
X 



"x"' 

X 

Oxyriilna  iumula Xgassiz I--  -  - 

Petricola  carditoides  Conrad 

X 

Pecten  auburyi  Arnold 

Pecten  healeyi  Arnold 

Temescal  Canyon. 

Clark  estate,  Los  Angeles. 

Pecten  pedroanus  Trask 

X 

Pecten  steamsii  Dall 

Hays  Canyon,  Brown  Canyon. 

Periploma  discus  Steams 

First  and  Olive  streets,  Los  An- 

Phacoides califomicus  Conrad 

! 

geles. 

Placunanomia  n^  sp  . . 

X 
X 

1 

Platyodon  cancellatus  Conrad 

t 

Saxiaomus  gibbosus  Gabb 

X    1 

Semcle  decisa  Conrad 

X 

Tapes  staleyi  Gabb 

X 

*"x" 

Tellina  idea  Dall 

Terebratalla  occidentalis  Dall 

Temescal  Canyon, 
Reynolds  A-  Wiggins  well,  Los  An- 
geles. 

Venericardia  ventrlcosa  Gould 

PLEISTOCENE. 
GENERAL  CHARACTER. 

The  Pleistocene  deposits  in  the  Los  Angeles  region  comprise  gravel, 
sand,  and  clay,  the  first  mentioned  predominating.  The  gravel  and 
sand  capping  the  Fernando  in  the  region  of  the  oil  belt  and  farther 
south,  especially  on  the  top  of  the  ridge  on  which  the  normal  school 
is  situated,  are  probably  of  marine  origin;  the  rest  of  the  deposits  are 
largely  fluviatile. 
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The  thickness  of  the  Pleistocene,  especially  along  the  southern 
edge  of  the  area  mapped,  is  probably  300  to  500  feet,  while  in  cer- 
tain of  the  terrace  deposits,  such  as  those  on  the  hills  north  of  Sher- 
man and  on  the  terraces  flanking  Los  Angeles  River  and  Arroyo  Seco, 
it  may  be  only  from  a  few  inches  to,  say,  50  feet. 

BREA   DEPOSITS. 

In  the  region  immediately  northwest  of  the  Baptist  College,  in  the 
territory  one-half  to  three-fourths  mile  southwest  of  Colegrove  and 
on  the  south  side  of  the  Rancho  la  Brea  the  Pleistocene  and  alluvial 
deposits  are  impregnated  with  asphaltum,  forming  brea.  This  mate- 
rial originates  in  two  ways — heav^^  oil  or  asphaltum  exudes  from  the 
surface  and  becomes  filled  with  drifting  dust  and  sand,  or  the  fluid 
exuding  from  the  underlying  hard  strata  impregnates  overlying 
p>orous  gravel  and  sand.  Details  concerning  the  brea  deposits  are 
quoted  imder  the  heading  '^Previous  knowledge  of  the  region,''  the 
older  geologists  having  had  an  exceptional  opportunity  for  studying 
these  ''tar  springs,"  which  at  the  time  of  their  visits  were  almost 
untouched  and  much  more  extensive  than  at  present.  In  the  Rancho 
la  Brea  deposits  at  the  south  side  of  the  Salt  Lake  oil  field  many  bones 
of  extinct  mammals  have  been  found.  (See  PI.  XXIV,  B,)  The  fol- 
lowing notes  concerning  these  remains  are  quoted  from  an  unpub- 
lished manuscript  by  Dr.  J.  C.  Merriam: 

The  beds  in  which  the  bone^  occur  extend  over  many  acres.  So  far  as  I  am  aware 
the  bottom  has  not  been  reached  in  excavations  carried  on  to  the  depth  of  at  least  15 
feet  in  quarrying  the  asphalt.  Bones  are  scattered  through  a  large  part  of  the  deposit, 
but  are  very  unevenly  distributed.  In  some  localities  they  are  present  in  laiige  num- 
bers and  in  fairly  defined  layers. 

The  asphalt  has  in  many  cases  penetrated  even  the  minute  pores  of  the  bone,  but 
the  original  material  of  the  skeleton  is  \XsiAi  practically  unchanged. 

The  remains  recognized  up  to  the  present  include  the  following:  Elephas^  Equus, 
Bison,  Mylodon  (?),  Smilodon,  Canis  indianemds  (?),  Cants  small  species  and  camel 
remains.     Numerous  bird  bones  and  remains  of  insects  are  also  found. 

In  a  consideral)le  number  of  cas(^  large  parts  of  the  skeleton  are  found  together, 
showing  that  the  carcasses  were  entombed  so  quickly  that  there  was  not  sufficient 
time  for  decomposition  to  permit  separation  of  the  parts. 

Of  the  remains  recognized  up  to  the  present  time,  an  extraordinarily  large  percent- 
age represents  Carnivora.  The  number  of  carnivores  is  certainly  relatively  larger  than 
the  usual  percentage  in  a  well-l)alanced  fauna,  and  this  abundance  must  be  attributetl 
to  peculiar  conditions  under  which  the  Ixmes  accumulated.  Undoubtedly  most  of 
the  remains  are  those  of  animals  that  have  been  entrapped  or  mired  in  the  asphalt  at 
times  when  it  formed  a  sticky  deposit  around  tar  springs.  The  surface  of  the  asphalt 
is  very  sticky  in  some  places  at  the  present  time,  and  -where  cuts  are  opened  in  it  tar 
may  ooze  out.  Such  pools  have  probably  existed  here  interruptedly  through  a  long 
period,  and  particularly  during  Quaternary  time  when  the  dej)06it  was  forming. 
Carnivores  are  numerous,  because  they  were  attracted  by  birds  and  mammals  caught 
in  the  asphalt.  Perhaps  it  is  not  entirely  a  coincidence  that  the  carnivore  remains  are 
usually  associated  with  those  of  birds  or  mammals,  which  would  be  their  natural  prev- 
The  considerable  number  of  young  saber-tooth  cats  present  may  indicate  that  the 
younger  and  less  experienced  individuals  were  more  easily  lured  into  the  tar  pools. 
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Aside  from  their  scientific  value,  these  bones  have  the  added  sig- 
nificance of  indicating  that  the  brea-forming  conditions  which  are 
now  prevalent  in  this  field  were  in  operation  during  a  large  portion 
of  Pleistocene  time.  In  view  of  the  great  number  of  years  during 
which  the  gas  and  oil  have  been  escaping  in  this  field,  it  seems  rather 
remarkable  that  such  prolific  deposits  of  petroleum  are  still  to  be 
found  in  the  underlying  strata.  These  facts  indicate  the  almost 
incomprehensible  amount  of  oil  that  was  originally  contained  in  the 
Tertiary  rocks  over  certain  areas  of  the  Coast  Range  belt. 

STRUCTURE. 

GENERAL  FEATURES. 

The  structural  features  in  the  region  about  Los  Angeles  are  depend- 
ent on  two  systems  of  disturbances.  The  older  of  these  consists  pri- 
marily of  folds,  with  which  are  usually  associated  minor  faults.  This 
system  dominates  the  Miocene  strata  and  was  probably  largely  devel- 
oped during  the  post-Puente  (late  middle  Miocene)  readjustment, 
which  had  such  a  widespread  effect  throughout  the  Pacific  coast  of 
the  United  States.  The  axes  of  disturbance  of  the  Miocene  system 
trend,  approximately,  X.  60°  W.  The  younger  system,  in  which 
faults  are  apparently  the  dominant  features,  was  developed  during 
late  Pleistocene  time  and  affects  all  the  formations  in  the  area.  The 
general  trend  of  the  axes  of  the  Pleistocene  system  is  east  and  west. 
Minor  faults  with  planes  striking  in  various  directions  are  common 
throughout  the  district. 

The  most  prominent  structural  feature  in  the  district  is  the  great 
flexure  in  the  Puente  sandstone  and  shale  which  lies  northeast  of  the 
business  portion  of  Los  Angeles  and  trends  N.  60°  W.  This  will  be 
referred  to  as  the  Elysian  Park  anticline.  (See  PI.  XX,  sec.  E-F.) 
This  anticline  might  almost  be  regarded  as  an  elliptical  structural 
dome,  as  it  appears  to  plunge  at  both  its  northwest  and  southeast 
ends.  Not  far  from  the  northwest  extremity  of  the  anticline  where 
it  approaches  the  fault  zone  lying  along  the  southern  base  of  the 
Santa  Monica  Mountains  the  fold  develops  into  a  fault.  Near  the 
axis  of  the  anticline  the  beds  in  the  southern  limb  dip  gently,  the 
slope  becoming  steeper  and  steeper,  however,  toward  the  south 
until,  in  the  region  of  the  shaly  beds,  dips  of  60°  are  not  uncommon. 
The  northern  limb  is  obscured  by  erosion,  but  the  rocks  composing 
it  appear  to  dip  at  angles  as  great  as  40°.  Toward  the  south  end  of 
the  anticline  minor  flexures  are,  developed  on  its  flanks  and  these  in 
turn  are  squeezed  up  into  what  appears  to  be  one  or  more  closely 
folded  overturns  in  the  hills  IJ  miles  east  of  Eastlake  Park.  Other 
folds  of  considerable  extent  and  at  least  one  prominent  fault  trending 
approximately  in  the  same  general  direction  as  the  Elysian  Park  anti- 


Digitized  by  VjOOQIC 


156  OIL   DISTRICTS   OP   SOUTHERN    CALIFORNIA. 

cline  are  exhibited  in  the  Puente  shale  and  sandstone  to  the  north- 
east of  the  major  flexure.  Many  of  these  latter  folds  are  very  sharp, 
dips  of  60°  or  more  being  the  rule.  They  are  doubtless  the  result  of 
tangential  compressive  stresses.  South  of  Eastlake  Park  are  vio- 
lently disturbed  beds  whose  structure  is  rather  uncertain.  Appar- 
ently, however,  they  lie  in  a  closely  compressed  anticline,  with  axis 
trending  in  a  general  east-west  direction  along  a  line  making  a  com- 
pound curve.  This  fold  affects  beds  of  probable  Fernando  age.  The 
apparent  analogy  of  this  anticline,  if  such  it  be,  to  those  in  certain  oil- 
producing  areas  of  southern  California  leads  to  the  inference  that  oil 
may  be  confined  beneath  it.  However,  those  wells  which  have  been 
put  down  east  of  Los  Angeles  River  have  not  proved  successful. 

Southwest  of  the  Elysian  Park  anticline  is  a  syncline  accompanied 
by  a  zone  of  faults.  This  flexure  extends  from  the  region  southeast 
of  Prospect  Park  in  a  broad  northeasterly  convex  curve  to  the 
vicinity  of  the  Sisters'  Hospital  on  Bellevue  avenue  and  separates  the 
steeply  dipping  shale  on  the  northeast  from  the  softer  flatter  beds  of 
the  rolling-hill  country  southwest  of  the  line  of  disturbance.  (See 
PI.  XX,  sec.  E-F.)  The  southern  extension  of  this  syncline  is  trace- 
able as  a  fault  from  the  comer  of  Sunset  boulevard  and  Sutherland 
street  to  a  point  just  south  of  Innes  street  and  thence  southeastward 
toward  the  Sisters'  Hospital,  and  is  doubtless  responsible  for  the  breaks 
in  the  productive  oil  belt  which  occur  in  the  vicinity  of  the  hospital. 

The  most  prominent  structural  feature  belonging  to  the  east-west 
Pleistocene  system  is  the  fault  zone  extending  along  the  southern  face 
of  the  Santa  Monica  Mountains  from  Los  Angeles  River  at  least  as 
far  as  Hollywood  and  probably  much  farther  west.  (See  PI.  XX, 
sec.  C-D.)  This  fault  zone  has  been  largely  instrumental  in  the  for- 
mation of  the  range.  It  allows  the  upper  Puente  shale  to  come  into 
contact  with  the  granite,  from  which  it  is  ordinarily  separated  by  at 
least  2,000  feet  of  conglomerate  and  sandstone.  Associated  with  this 
profound  displacement  are  minor  parallel  faults  in  a  zone  which  is 
characterized  by  many  fractures  and  much  distortion  of  the  strata. 

STRUCTURE  OF  THE  OIL  BELT. 

The  Los  Angeles  oil  field  is  developed  in  strata  at  the  top  of  the 
Puente  formation  on  the  southern  limb  of  the  great  Elysian  Park 
anticline.  (See  PI.  XX,  sec.  E-F.)  The  trend  of  the  productive 
belt,  however,  instead  of  conforming  to  the  axis  of  the  main  fold 
follows  the  strike  of  the  formations  on  the  south  side  of  a  divergent 
subordmate  fold  and  hence  has  assumed  a  direction  closely  approxi- 
mating east  and  west.  The  axis  of  the  subordinate  fold  is  traceable 
from  a  point  near  the  comer  of  Lake  Shore  avenue  and  Temple  street 
south  of  Echo  Lake,  westward  to  a  point  north  of  Westlake  Park 
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where  its  trend  changes  to  N.  70°  W.  Thence  it  passes  westward  at 
least  as  far  as  a  point  1  mile  southeast  of  Colegrove,  where  it  is  proba- 
bly deflected  still  farther  north  of  west  and  merges  with  the  great 
anticline  which  tilts  the  Puente  sandstone  in  a  northeasterly  direc- 
tion on  the  west  side  of  Cahuenga  Pass.  (See  PL  XX,  sec.  C-D.) 
Between  Lake  Shore  and  Bellevue  avenues  the  fold  either  blends 
with  the  Elysian  Park  anticline  or  is  replaced  by  some  undiscovered 
fault  or  other  form  of  disturbance.  The  latter  theory  is  strengthened 
by  the  evidence  obtainable  both  east  and  west  of  the  Sisters*  Hospital 
where  directly  in  line  with  an  eastward  extension  of  the  fold  there  is  a 
sharp  line  of  disturbance  (probably  a  complicated  thrust  fault)  which 
extends  to  the  east  end  of  the  field  at  the  Catholic  cemetery.  (See 
PI.  XX,  sec.  G-H.)  Another  line  of  fracture,  consisting  of  several 
more  or  less  disconnected  minor  reverse  faults,  lies  south  of  the  sub- 
ordinate flexure  just  described  and  toward  the  west  diverges  slightly 
from  it.  (See  PI.  XX,  sec.  E-F,  and  fig.  13,  p.  171.)  This  fault 
zone  appears  in  general  to  mark  the  northern  boundary  of  the  pro- 
ductive belt.  As  a  rule  the  beds  lie  nearly  horizontal  along  the  axis 
of  the  flexure,  but  dip  more  and  more  steeply  toward  the  south  as 
they  approach  the  productive  zone.  The  oil  appears  to  have  accumu- 
lated in  the  sands  of  the  southern  limb  of  the  anticline  just  below  the 
point  where  the  steeply  dipping  beds  bend  toward  the  horizontal 
before  passing  over  the  axis  of  the  fold.  The  structure  in  the  Salt 
Lake  field,  in  the  southern  part  of  the  Rancho  la  Brea,  appears  to  be 
that  of  a  minor  flexure  developed  on  the  flanks  of  the  fold  along  the 
southern  limb  of  which  the  other  Los  Angeles  fields  are  located. 
(See  fig.  17,  p.  189.)  Apparently  the  axis  of  this  minor  flexure  trends 
northeast  and  southwest.  The  brea  along  the  south  side  of  the 
Salt  Lake  field  is  formed  by  oil  from  underlying  beds  which  probably 
has  been  forced  upward  by  gas  pressure  along  lines  of  fracture  accom- 
panying this  flexure. 

^  JOINT  CRACKS. 

All  the  rocks  in  the  Los  Angeles  district  are  intersected  by  numerous 
joint  cracks,  along  which,  in  many  instances,  slight  displacements 
have  taken  place.  These  tiny  fissures  have  doubtless  played  a  most 
imp6rtant  part  in  the  accumulation  of  the  oil,  for  it  is  probable  that 
whatever  was  its  original  source  the  transverse  joint  cracks  in  the 
shale  and  sandstone  are  largely  responsible  for  its  transference  to  the 
upper  porous  beds  of  the  formation.  Without  these  cracks  the  numer- 
ous impervious  beds  in  the  series  would  have  precluded  the  passing  of 
any  fluid,  least  of  all  low-gravity  oil,  upward  through  the  strata. 
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Olli  FIEIiBS. 
LOCATION. 

The  oil-bearing  zone  begins  near  the  Catholic  cemetery  on  Buena 
Vista  street,  at  the  southern  base  of  the  Elysian  Park  hills,  and  trends 
in  an  almost  westerly  direction  to  a  point  north  of  West  Lake;  here 
it  bends  to  N.  60°  W.  and  extends  into  the  region  south  of  Colegrove. 
Two  miles  southwest  of  Colegrove,  on  the  almost  level  Los  Angeles- 
Santa  Monica  plain,  is  the  field  locally  known  as  the  Salt  Lake  (so 
named  from  the  principal  company  operating  there),  which,  though 
topographically  isolated  from  the  main  Los  Angeles  field,  is,  never- 
theless, probably  genetically  related  to  it.  Li  discussing  this  subject 
it  has  been  deemed  advisable  to  divide  the  productive  territory  into 
four  parts,  diflFerentiated  more  or  less  sharply  along  structural  lines. 
The  area  extending  eastward  from  the  Sisters'  Hospital  to  the  eastern 
limit  of  the  productive  territory  at  the  Catholic  cemetery  will  be 
described  as  the  eastern  field;  that  extending  from  the  hospital  to  a 
line  passing  northward  through  West  Lake  as  the  central  field;  that 
extending  northwestward  from  the  region  about  the  Baptist  college 
as  the  western  field;  and  that  on  the  Rancho  la  Brea,  southwest  of 
Colegrove,  as  the  Salt  Lake  field.     (See  PI.  XIX.) 

DEVELOPMENT.a 

The  development  of  the  Los  Angeles  oil  district  has  taken  place ' 
spasmodically,  four  periods  of  activity  marking  its  history.  The 
first  period,  during  which  the  central  field  was  first  opened,  covers 
the  time  from  late  in  1892  to  1895;  the  second,  in  which  the  eastern 
field  was  developed,  includes  1896  and  1897;  the  third,  or  period  of 
exploitation  in  the  western  field  and  the  west  end  of  the  central  field, 
embraces  1899  and  1900;  and  the  fourth,  which  marks  the  develop- 
ment of  the  most  important  part  of  the  district,  the  Salt  Lake  field, 
extends  from  1901  up  to  the  present  time. 

The  history  of  the  Los  Angeles  oil  wells,  or,  more  properly  speaking,  of  the  Second 
Street  Park  oil  field  at  Los  Angeles^  is  as  follows:  For  many  years  a  small  deposit  of 
brea  was  known  to  exist  on  Colton  street  near  Douglas  street,  in  the  city  of  Loe  Angelee, 
and  the  brea  was  locally  used  for  fuel.  In  1892  Messrs.  Doheny  &  Connon  sunk  a  4  by 
6  foot  shaft,  155  feet  deep,  at  the  comer  of  Patton  and  State  streets,  close  to  the  deposit 
of  brea  previously  mentioned.  The  formation  penetrated  is  sandy  shale,  with  a  few 
thin  strata  of  siliceous  or  calcareous  rock.  Near  the  surface  the  oil  was  very  heavy, 
but*  at  about  7  feet  deep  it  was  found  to  be  lighter  and  it  seeped  from  the  sides  of  the 
shaft.  The  oil  exuded  from  porous  material  and  from  the  surface  planes  of  the  hard 
strata.  The  formation  was  found  to  dip  toward  the  south  at  an  angle  of  about  40**. 
Excavation  below  a  depth  of  155  feet  was  prevented  by  gas.  An  18-inch  hole  was 
then  drilled  in  the  bottom  of  the  shaft  and  yielded  7  barrels  of  oil  daily  for  several 
weeks.    .In  July,  1894,  the  yield  had  decreased  to  2  barrels  of  oil  a  day.     In  November, 

a  The  writer  is  largely  indebted  to  the  reports  of  W.  L.  Watts  for  data  of  a  historical  character  used 
in  this  paper. 
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1892,  an  oil  well  was  sunk  at  Second  Street  Park  by  Messrs.  Doheny  &  Connon.  As 
soon  as  this  well  was  found  to  be  a  success  other  wells  were  sunk  on  adjacent  lots,  and 
the  Second  Street  Park  oil  field  grew  rapidly.  By  the  end  of  1895  there  were  more 
than  300  wells  within  an  area  of  less  than  4,000,000  square  feet.  During  1895  the  price 
of  crude  oil  at  Los  Angeles  fell  to  a  ruinously  low  rate,  the  average  price  for  that  year 
being  60  cents  a  barrel.  Indeed,  there  were  sales  at  a  much  lower  rate — it  is  said  even 
as  low  as  25  cents  a  barrel.  The  reason  for  this  depression  was  the  lack  of  cooperation 
among  the  oil  producers  and  the  lack  of  facilities  for  storing  and  handling  the  oil. 
Early  in  1896  the  price  of  oil  commenced  to  recover,  and  in  July,  1896,  it  had  reached 
|1  a  barrel.  The  reason  of  this  recovery  was  the  diminishing  of  the  supply,  the  organi- 
zation of  the  oil  producers,  and  the  increased  facilities  for  storinj^  and  handling  the  oil.o 

Development  in  the  central  field  proceeded  eastward  until  it 
encountered  the  disturbed  and  barren  beds  in  the  region  just  west  of 
the  Sisters^  Hospital,  where  exploitation  ceased.  On  the  theory  that 
this  break  was  only  local  and  that  the  productive  zone  continued 
eastward  along  the  strike  of  the  oil-bearing  strata,  a  well  was  sunk  by 
Maier  &  Zobelein  at  the  comer  of  Adobe  and  College  streets,  in  what 
is  now  the  eastern  field.  This  well  was  completed  in  November,  1896^ 
and  as  soon  as  it  was  found  to  be  successful  many  other  wells  were 
begim  in  the  immediate  vicinity,  and  by  the  middle  of  1897  the  wells 
in  the  new  field  were  almost  as  closely  crowded  as  those  in  the  old  or 
central  territory.  Prospecting  was  continued  east  of  Los  Angeles 
River,  but  no  economically  productive  wells  were  developed. 

The  exploitation  of  the  western  field  and  the  extension  of  the  cen- 
tral field  from  the  comer  of  Quebec  street  and  Ocean  View  avenue 
westward  took  place  largely  during  the  latter  part  of  1899  and  1900. 
Some  wells,  notably  the  Ruhland,  at  the  comer  of  Seventh  and 
Hoover  streets,  and  several  of  the  Maltman  wells,  north  of  the  Baptist 
college,  however,  were  sunk  previous  to  1897. 

The  entrance  of  the  Salt  Lake  Oil  Company  into  the  Rancho  la 
Brea  region  in  1901  marks  the  beginning  of  the  development  of  the 
field  now  bearing  that  company's  name.  For  years  the  oil  seepages 
and  brea  on  this  ranch  had  been  known,  and  large  quantities  of  brea 
had  been  hauled  away  for  paving  purposes.  At  least  one  prospect 
well  had  been  put  down  near  the  brea  deposit,  but  no  important 
results  were  obtained  from  any  of  these  operations.  The  first  well 
drilled  by  the  Salt  Lake  Company  was  abandoned  on  account  of  the 
caving  in  of  the  casing,  caused  by  gas  pressure.  This  fact  being  con- 
strued as  a  good  indication,  several  other  wells  were  sunk  in  the  same 
locality  until  finally  a  ** gusher"  was  struck  and  the  value  of  the  field 
assured.  Since  the  beginning  of  1902  the  development  in  this  terri- 
tory has  been  rapid,  and  now  it  stands  first  in  importance  among  the 
oil  fields  south  of  Santa  Barbara  County. 

Owing  to  the  proximity  of  the  wells  to  each  other  the  oil-bearing 
strata  in  the  central  and  eastern  fields  have  been  rapidly  exhausted, 

a  Bull.  California  State  Mining  Bureau  No.  11,  1897,  p.  5. 
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and  many  of  the  once-productive  wells  are  now  abandoned.  During 
the  past  year  (1905)  the  council  of  the  city  of  Los  Angeles  took  cx>gni- 
zance  of  this  fact,  and  in  order  to  do  away  with  the  nuisance  of 
abandoned  wells  and  pumping  plants  in  a  thickly  populated  residence 
quarter  outlined  certain  districts  within  which  all  traces  of  the  oil 
industry  are  to  be  removed  within  a  certain  period.  This  policy,  if 
carried  out,  will  eventually  result  in  the  abandonment  of  the  city 
fields,  so  that  probably  in  only  a  few  years  the  thickly  set  derricks 
which  now  extend  through  the  northern  part  of  the  city  will  be  a 
.  thing  of  the  past. 

EASTERN    FIELD. 
LOCATION. 

The  eastern  field  comprises  that  portion  of  the  productive  oil  ter- 
ritory of  Los  Angeles  which  lies  between  the  Sisters'  Hospital  grounds, 
comer  of  Sunset  boulevard  and  Beaudry  avenue,  on  the  west,  and  the 
Catholic  cemetery,  comer  of  Cottage  Home  and  Buena  Vista  streets, 
on  the  east.  Its  northern  boundary  is  a  line  running  from  the  north- 
em  part  of  the  hospital  grounds  eastward  to  a  point  on  the  wei?t«m 
line  of  the  cemetery  600  feet  north  of  Buena  Vista  street;  its  southern 
limits  are  Alpine  street  from  the  hospital  southeastward  to  Figueroa 
street,  and  thence  a  line  slightly  north  of  east  to  the  southwest  comer 
of  the  cemetery.  This  area  is  nearly  three-fourths  of  a  mile  long, 
with  a  maximum  width  of  about  1,000  feet  near  the  middle  and  a 
minimum  of  less  than  400  feet  at  the  ends ;  it  contains  approximately 
one-eighth  of  a  square  mile. 

TOPOGRAPHY. 

The  eastern  field  lies  on  the  southwestern  flank  of  the  Elysian  Park 
hills,  along  the  southern  faces  of  the  two  well-develoi>ed  minor  ridges 
which  are  separated  by  Chavez  Ravine.  The  topography,  however, 
appears  to  have  no  connection  whatever  with  the  structure  of  the 
field  or  the  extent  of  the  productive  zone,  the  line  of  wells  forming  an 
approximately  straight  belt  from  the  low  southwestern  sloj>e  of  the 
western  ridge  at  the  Sisters*  Hospital,  up  over  the  face  of  this  same 
ridge,  down  into  and  across  the  mouth  of  Chavez  Ravine,  and  east- 
ward over  the  lower  portion  of  the  eastern  ridge. 

GEOLOGY. 

All  the  formations  from  the  Puente  sandstone  to  the  Fernando 
beds  are  involved  in  the  geology  of  the  eastern  field.  North  of  the 
field  and  forming  the  bulk  of  the  Elysian  Park  hills  is  the  thick- 
bedded  gray  to  light-yellow  and  rusty-brown  sandstone  of  the  Puente 
formation.  This  outcrops  along  some  of  the  park  roads  and  is  excep- 
tionally well  exhibited  on  Buena  Vista  street  east  of  the  field  and 
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west  of  Los  Angeles  River,  where  the  peculiar  jointing  features,  pre- 
viously described,  are  prominently  developed.  Above  the  sand- 
stone is  the  typical  white  siliceous  shale,  which  extends  in  a  broad 
band  from  the  region  of  the  Catholic  cemetery  northwestward  along 
the  flank  of  the  Elysian  Park  liills.  At  the  northwest  comer  of  the 
cemetery  this  shale  is  very  much  crumpled,  but  northwest  of  this 
point  it  appears  to  be  little  distorted  and  dips  about  45°  S.  30°  W. 
The  top  of  the  shale  is  marked  by  a  50-foot  band  of  heavy-bedded, 
coarse  light-yellow  to  brown  concretionary  sandstone,  which  is  well 
exposed  on  the  southwest  side  of  Sunset  boulevard  near  its  intersec- 
tion with  Sutherland  street.  At  the  west  end  of  this  exposure  the 
sandstone  is  cut  off  by  a  fault  which  has  thrown  some  shale  beds 
down  against  the  sandstone  on  the  west.  The  sandstone,  together 
with  its  imderlying  and  overiying  white-shale  bands,  may  be  traced 
in  a  southeasterly  direction  from  the  locality  last  mentioned  toward 
the  oil  field  as  far  as  the  quarries  on  the  west  side  of  the  Chavez 
Ravine  road.  Its  dip  along  this  line  is  also  45°  S.  30°  W.  What  is 
probably  a  continuation  of  the  same  sandstone  band  is  exposed  on 
the  east  side  of  the  ravine  a  short  distance  north  of  the  comer  of 
Adobe  and  Bernardo  streets,  but  the  rocks  here  are  so  near  the  frac- 
ture zone  and  so  much  disturbed  that  the  correlation  is  more  or  less 
uncertain.  This  sandstone  layer  and  its  associated  shale  are  easily 
differentiated  in  old  surface  exposures,  but  in  fresh  road  cuts  and 
quarries  their  identification  is  more  difficult.  The  overlying  band 
of  shale,  which  is  characteristically  thinly  laminated  and  of  flinty 
siliceous  composition,  underlies  a  considerable  thickness  of  medium- 
to  thin-bedded  soft  sandstone  and  sandy  shale.  These  beds  are  well 
exposed  in  the  brick  company's  quarries  on  the  southwest  side  of 
Chavez  Ravine.  At  the  sharp  bend  in  Figueroa  street  on  the  south 
end  of  the  ridge  west  of  the  ravine,  and  extending  westward  at  least 
as  far  as  Ramona  street  just  north  of  its  intersection  with  College 
street,  is  another  band  of  thin-bedded  white  shale  which  normally 
lies  above,  but  which  here  is  probably  faulted  down  against  the  soft 
sandstone  and  sandy  shale  last  described.  This  white  shale  is  simi- 
lar to  that  lying  above  the  oil  sands  in  the  region  west  of  the  Sisters' 
Hospital  and,  like  it,  is  much  more  resistant  to  weathering  than  the 
oil  sands.  If  the  two  shales  are  identical  it  would  be  reasonable  to 
suppose  that  the  oil  sands  lie  only  a  short  distance  beneath  the  shale 
at  the  Figueroa  and  Ramona  street  outcrops.  This  supposition  is 
borne  out  by  the  wells  only  a  short  distance  south  of  the  white-shale 
outcrop,  which  strike  productive  sands  at  depths  somewhat  greater 
than  600  feet.  Owing  to  the  faulting  down  of  the  oil-bearing  beds 
against  the  older  strata  on  the  north,  no  outcrops  of  the  oil  sands 
have  so  far  been  discovered  in  the  eastern  field.     The  beds  overlying 
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the  oil  zone  are  similar  to  those  found  in  the  same  position  in  the 
central  and  western  fields  and  consist  largely  of  soft,  thin-bedded 
sandstone  and  sandy  shale,  dipping  approximately  S.  10°  W. 

GEOLOGY   OF   THE    WELLS. 

The  underground  geology  of  the  eastern  field  is  similar  to  that  of 
the  central,  and  is  what  would  be  expected  from  an  examination 
of  the  surface  evidence  in  the  region.  Within  the  productive  territory 
the  wells  first  penetrate  the  sandy  shale  of  the  Fernando,  after  which 
they  enter  the  Puente  clayey  shale  and  ** shell"  beds  which  mark  the 
top  of  the  productive  zone.  Oil  occurs  in  two  sands,  the  upper  being 
about  55  feet  and  the  lower  about  25  feet  thick.  At  the  present  time 
the  upper  sand  is  practically  exhausted,  having  been  pumped  con- 
tinuously for  nearly  seven  years.  Ten  or  twelve  barrels  per  day  was 
not  an  unusual  yield  when  the  sand  was  first  struck,  and  even  three 
years  ago  some  of  the  wells  were  still  yielding  1  or  2  barrels.  The 
gravity  of  the  oil  in  the  upper  sand  is  said  to  be  between  18°  and  19° 
B.  The  lower  sand  is  medium  to  coarse  grained  and  at  first  yielded 
as  high  as  25  barrels  in  some  of  the  Wells,  but,  like  the  upj>er  sand, 
soon  fell  off  and  is  now  practically  exhausted.  The  gravity  of  the 
oil  in  this  stratum  is  about  16°  B.  Considerable  quantities  of  ^as 
accompanied  the  oil  in  the  lower  sand.  Water  occurs  at  a  depth  of 
about  900  feet  in  the  neighborhood  of  Yale  and  Bernardo  streets  and 
in  the  extreme  west  end  of  the  field  was  so  abundant  as  to  stop  devel- 
opment work  in  the  region  south  of  the  Sisters'  Hospital. 

The  two  following  logs  illustrate  the  strata  ]>enetrated  in  the  areas 
of  low  and  steep  dip,  respectively,  in  the  productive  territory  of  the 
eastern  field : 

Typical  well  log  in  th€  central  portion  {strata  of  low  dip)  of  the  eastern  field,  Los  Angeles,^ 
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oHershey,  O.  H..  Bull.  California  State  Mining  Bureau,  No.  19,  1900.  p.  45. 
Typical  well  log  in  the  eastern  portion  {strata  of  steep  dip)  of  the  eastern  field,  Los  Angeles. 


Sandy  shale  with  clayey  shale  toward  base 

Oil  sand  (nearly  exhausted  when  penetrated  in  1902) 

Clayey  shale 

Medium  to  coarse  oil  sand  (25  barrels  oil  and  considerable  gas) . 
Clayey  shale 
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STRUCTURE. 

PI.  XX,  sec.  G-H,  illustrates  the  probable  relations  of  the  beds  in 
the  eastern  part  of  the  eastern  field.  The  contour  lines<*  in  PI.  XIX, 
showing  the  distance  of  the  upper  oil  sand  below  the  Ijos  Angeles 
city  datum  (255  feet  abov^e  sea  level),  also  help  to  make  clear  the 
structural  features  of  this  district.  As  would  be  expected  in  a  region 
where  two  important  flexures  come  together  at  an  acute  angle,  the 
structure  is  complex.  The  flexures  referred  to  are  the  Elysian  Park 
anticline,  which  trends  N.  60°  W.,  and  the  anticline  and  fault  along 
the  north  side  of  the  oil  field,  which  trend  in  an  approximately  east- 
west  direction.  As  the  beds  of  sandstone  and  shale  in  the  Elysian 
Park  anticline  approach  the  east-west  line  of  disturbance,  they  tend 
to  deviate  so  that  their  strike  is  more  nearly  east  and  west.  Simi- 
larly, the  beds  following  the  line  of  the  east-west  disturbance  are 
inclined  to  turn  so  that  their  trend  is  somewhat  north  of  west  as  they 
approach  the  thick  beds  of  the  Elysian  Park  anticline.  This  tend- 
ency to  change  in  strike  occurs  not  only  in  the  beds  at  the  surface, 
but  also  in  the  oil  sands,  as  is  shown  by  the  contours  in  PL  XIX. 

The  structure  in  the  major  part  of  the  eastern  field  is  irregular,  the 
average  dip,  however,  being  less  than  that  of  the  central  field.  The 
inclination  of  the  strata  appears  to  be  most  regular  just  east  of  the 
Sisters'  Hospital.  From  this  point  almost  to  Bernardo  and  Yale 
streets  the  dip  becomes  less  and  less,  but  near  the  latter  point  it 
increases  abruptly  to  50°  or  more.  Toward  the  east  the  beds  are 
very  much  disturbed.  Near  the  corner  of  Ramona  avenue  and  Col- 
lege street  the  dip  is  about  35°.  Immediately  south  of  this  point  is 
a  line  of  fracture,  on  the  south  side  of  which  the  strata  dip  45°. 
The  conditions  beyond  the  east  end  of  the  field  are  not  known 
because  of  the  lack  of  surface  outcrops  and  well  logs. 

The  line  of  disturbance  which  begins  west  of  Sunset  boulevard, 
northwest  of  the  Sisters'  Hospital,  and  extends  almost  in  a  straight 
line  to  the  comer  of  Bernardo  and  Adobe  streets,  appears  to  be  a 
very  sharp  anticline  bounded  on  the  north  by  a  fault  in  which  the 
downthrow  is  on  the  south  side.  In  a  small  cut  on  the  west  side  of 
Sunset  boulevard,  in  the  axis  of  this  zone  of  disturbance,  the  beds 
dip  from  80°  N.  to*  80°  S.  This  has  the  appearance  of  an  overturn. 
However,  dips  obtained  in  the  subway  between  the  Sisters'  Hospital 
and  the  boiler  house  and  immediately  north  of  the  latter  show  an 
anticline  with  dips  ranging  from  45°  S.  through  horizontal  to  45°  N. 
A  similar  northerly  dip  is  found  northeast  of  the  hospital  on  the 
comer  of  Beaudry  avenue  and  the  alley  between  Beaudry  and  Hin- 
ton  avenues.     These  dips  occur  in  thinly  laminated  yellow  sandstoiic 

o  The  lines  showing  the  position  of  the  oil  sand  in  the  central  and  eastern  fields  are  copied  from  W.  L. 
Watts's  map  of  this  field,  given  in  Bull.  California  State  Mining  Bureau,  No.  19, 1900,  fig.  D. 
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interbedded  with  minor  amounts  of  arenaceous  shale.  The  anticline, 
if  such  it  be,  is  also  exposed  at  the  comer  of  Bernardo  and  Adobe 
streets,  where  the  dip  ranges  from  75°  N.  through  perpendicular  to 
40°  or  50°  S.  Here,  again,  the  surface  evidence  indicates  an  overturn 
while  the  well  logs  suggest  a  sharp  anticline.  The  productive  wells 
are  found,  with  few  exceptions,  on  the  south  side  of  this  line  of  dis- 
turbance. 

As  before  mentioned,  there  also  appears  to  be  a  fault  a  short  dis- 
tance south  of  this  anticlinal  axis,  but  what  relation,  if  any,  it  bears 
to  the  productiveness  of  the  oil  sands  is  at  present  unkno^vn.  The 
fault  which  throws  the  oil-bearing  beds  in  the  field  down  against  the 
older  Puente  strata  of  the  Elysian  Park  anticline  is  apparently  closed 
so  far  as  escape  of  the  oil  is  concerned,  for  no  indications  of  oil  or 
asphaltum  have  yet  been  discovered  along  its  trace.  The  sealing  of 
the  north  end  of  the  truncated  oil  sands  by  the  imi>ervious  material 
of  this  fault  zone  may  account  in  a  measure  for  the  retention  of  the  oil. 

In  the  vicinity  of  Chavez  Ravine,  and  immediately  north  of  the  main 
east-west  fault,  which  limits  the  productive  territory  of  the  eastern 
field  on  the  north,  the  strata  strike  N.  80°  W.,  with  dips  varying 
from  20°  to  30°.  A  disturbance  affects  the  beds,  however,  at  the 
comer  of  Elysian  Park  avenue  and  Innes  street,  just  north  of  Res- 
ervoir Hill,  where  they  dip  in  a  northwesterly  direction,  although  tlie 
dips  all  around  this  point  are  uniformly  toward  the  south  or  southwest. 

The  territory  between  the  eastern  and  central  fields  is  considerably 
broken  up  and,  as  reported  by  the  drillers,  contains  much  water  and 
little  oil.  This  condition  is  doubtless  due  to  a  zone  of  disturbance 
which  branches  off  from  or  is  a  continuation  of  the  fault  at  the  comer 
of  Sunset  boulevard  and  Sutherland  street,  and  which  extends  from 
this  point  in  a  general  south-southeasterly  direction  past  the  comer  of 
Sunset  boulevard  and  Innes  street  toward  the  Sisters'  Hospital.  The 
character  of  this  line  of  disturbance  has  not  been  determined,  but  it 
appears  quite  probable  that  it  is  a  fault  zone,  with  the  downthrow  on 
the  east. 

DEVELOPMENT. 

The  first  well  drilled  in  the  eastern  field  was  sunk  at  the  comer  of 
Adobe  and  College  streets  in  November,  1896.  From  the  time  this 
well  was  found  to  be  successful  until  the  latter  part  of  1897  develop- 
ment went  on  rapidly  until  nearly  the  whole  of  the  productive  territoir 
was  exploited.  Since  1897  few  wells  have  been  put  down,  while  a 
number  of  those  which  at  one  time  produced  considerable  quantities 
of  oil  have  become  exhausted  and  have  been  abandoned.  There  are 
at  present  (February,  1906)  270  wells  in  the  field,  of  which  211  are 
pumping  and  59  are  either  not  pumping  or  are  abandoned.  The  welk 
vary  in  depth  from  500  to  more  than  1,200  feet  and  yield  from  1  to 
12  barrels  of  oil  per  day.     Some  of  the  wells  are  said  to  have  yielded 
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as  high  as  50  or  60  barrels  at  their  inception,  but  these  were  unusual. 
In  addition  to  oil  the  wells  produce  more  or  less  gas.  The  oil  is  black 
and  varies  in  gravity  from  16°  to  19°  B.,  the  lighter  oil  coining,  it  is 
said,  from  the  higher  sand. 

CENTRAL   FIELD. 
LOCATION. 

The  central  field  occupies  the  territory  lying  betweeu  the  Sisters' 
Hospital,  comer  of  Sunset  boulevard  and  Beaudry  av.enue,  on  the 
east,  and  Coronado  street,  one-fourth  mile  north  of  Westlake  Park, 
on  the  west.  Its  northern  boundary  is  an  almost  straight  east-west 
line  drawn  from  the  middle  of  the  west  side  of  the  hospital  grounds 
to  a  point  on  Coronado  street  about  100  yards  north  of  Ocean  View 
avenue;  its  southern  boundary  is  Ocean  View  avenue  from  Coronado 
street  east  to  Arnold  street,  thence  a  line  east  to  the  comer  of  First 
and  Lucas  streets,  thence  a  line  to  the  comer  of  Temple  street  and 
Beaudry  avenue,  and  finally  Beaudry  avenue  from  Temple  street  to 
Sunset  boulevard.  The  productive  territory  is  about  li  miles  long, 
1,000  feet  wide  near  its  east  end,  and  300  feet  near  its  west  end.  The 
total  area  is  approximately  nine-twentieths  of  a  square  mile.  Like 
the  eastern  field,  the  central  is  a  narrow  band  through  one  of  the 
thickly  populated  residence  districts  of  the  city,  the  wells  in  many 
cases  being  put  down  in  close  proximity  to  houses  and  store  buildings. 

TOPOGRAPHY. 

Northwest  of  the  business  portion  of  Los  Angeles  and  east  and 
northeast  of  Westlake  Park  is  a  tableland  or  terrace  lying  at  an  ele- 
vation of  about  100  to  150  feet  higher  than  the  main  portion  of  the 
city.  This  table-land  is  bounded  on  the  north  and  west  by  a  ravine 
extending  southwestward  from  a  point  immediately  west  of  the  north 
end  of  Echo  Lake  and  is  bisected  by  a  narrow  valley  which  contains 
Echo  Lake  and  extends  south-southwestward  toward  the  business 
center.  In  addition  to  these,  several  small  ravines  drain  toward  the 
southwest  from  the  top  of  the  terrace.  The  central  field  occupies  the 
top  of  the  terrace  immediately  south  of  the  ravine  first  mentioned, 
extends  eastward  across  the  table-land  to  the  Echo  Lake  valley,  down 
into  and  across  this  depression  and  up  again  on  to  the  terrace,  and 
thence  across  it  to  the  eastern  limit  of  the  field  at  the  Sisters'  Hospital. 

GEOLOGY. 

The  formations  involved  in  the  geology  of  the  region  immediately 
adjacent  to  the  central  field  comprise  the  upper  portion  of  the  Puente 
formation,  with  its  two  bands  of  white  siliceous  shale  and  the  inter- 
vening sandstone  layer,  and  the  soft  sandstone  and  sandy  shale  of 
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the  Fernando.  There  is  also  a  more  or  less  persistent  layer  of  Pleisto- 
cene gravel,  which  caps  the  upturned  edges  of  the  older  beds  over 
portions  of  the  terrace. 

The  sandstone  between  the  two  white-shale  layers,  which  is  the 
principal  oil  sand  in  this  as  well  as  in  the  eastern  field,  consists  of 
about  150  feet  of  coarse  yellow  arkose  sandstone  in  layers  3  to  24 
inches  thick,  interbedded  with  minor  quantities  of  fine  gray  shale. 
Good  exposures  of  this  sandstone  are  found  on  Court  street  immedi- 
ately west  of  Lake  Shore  avenue  and  also  on  Burlington  avenue  a 
short  distance  north  of  First  street.  In  the  region  directly  north  of 
Westlake  Park  the  color  of  this  same  band,  which  here  approaches  a 
grit  in  certain  layers,  varies  from  chocolate  and  purplish  gray  to 
brown.  The  discoloration  is  doubtless  due  to  the  petroleum  which 
the  sands  at  one  time  contained.  Similar  colors  were  noted  in  sands 
which  are  supposed  to  be  stratigraphically  equivalent  on  Simset 
boulevard  northwest  of  Echo  Lake.     (See  PI.  XXI,  A.) 

Interbedded  with  the  thin  white  shale  which  imderlies  the  sand- 
stone are  darker,  softer  shale  and  fine  sandstone  which  locally  appear 
to  be  petroliferous.  A  cut  in  First  street  west  of  Burtz  street  offers 
a  good  exposure  of  this  oil-bearing  shale.  These  beds  occupy  the 
hilly  country  north  of  the  central  field,  lying  in  low  folds  with  dips 
that  vary  from  horizontal  to  \(f  or  15°  and  showing  no  continuous 
lines  of  structure.  As  indicated  by  well  records,  they  carry  traces  of 
petroleum  as  far  east  and  north  as  the  region  immediately  northwest 
of  Echo  Lake,  but  the  accumulations  are  not  of  economic  importance, 
as  they  are  in  the  same  beds  northwest  of  Coronado  street  in  the 
western  field. 

The  band  of  white  shale  above  the  main  oil  sand  already  described 
is  not  over  50  feet  thick,  but  owing  to  the  resistant  qualities  of  the 
thin  flinty  laminae  of  which  it  is  composed  it  can  be  more  easily 
traced  along  its  surface  outcrop  than  any  other  stratum  in  the 
region.  Angular  fragments  of  thin  shale  strew  the  surface  of  the 
ground  throughout  the  greater  part  of  the  distance  from  Lake  Shore 
avenue  westward  to  a  point  IJ  miles  southeast  of  Colegrove.  If  it 
were  not  for  this  hard,  flinty  shale  the  difficulty  of  tracing  the  con- 
tinuity of  the  formations  north  of  the  central  field  would  be  greatly 
increased. 

Above  this  flinty  shale  band  lie  the  soft  conglomerate,  heavy  and 
thin-bedded  fine-grained  sandstone,  and  sandy  and  clayey  shale  of 
the  Fernando.  This  formation  is  probably  over  2,000  feet  thick,  only 
the  lower  part,  however,  being  exposed  in  the  central  field.  In  this 
field  the  soft,  thin-bedded  sandstone  is  confined  largely  to  the  lower 
500  feet  of  the  formation.  This  sandstone  appears  to  be  more  or  less 
petroliferous  toward  the  west  end  of  the  field,  and  as  a  consequence 
its  outcrop  is  stained  rusty  red,  purple,  and  pink.     This  coloration  of 
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the  beds  is  particularly  noticeable  along  Ocean  View  avenue  west  of 
Alvarado  street.  Toward  the  east  end  of  the  field  the  sandstone  is 
usually  light  to  dark  yellowish  brown.  Above. the  soft  sandstone  and 
sandy  shale  is  a  zone  of  fine-grained  shale,  several  hundred  feet  in 
thickness.  Some  of  this  shale  is  hard  and  appears  to  be  more  or  less 
calcareous.  Veins  of  gypsum  are  abundant  in  this  part  of  the  forma- 
tion. Excellent  exposures  of  this  fine-grained  shale  are  found  on 
Beaudry  avenue  near  Fourth  street  and  in  many  road  cuts  both 
northeast  and  west  of  this  locality. 

The  uppermost  beds  of  the  Fernando  exposed  in  Los  Angeles  lie 
south  of  the  central  field,  occupying  the  ridge  on  which  the  State  Nor- 
mal School  is  located.  These  are  soft  clayey  shales  and  heavy-bedded, 
fine,  light-colored  sandstone  with  some  interstratified  conglomerates. 
The  fossils  listed  on  page  153  came  from  these  beds  in  the  region  south 
of  the  central  field. 

GEOLOGY   OF  THE    WELLS. 

As  indicated  by  the  well  logs,  the  underground  geology  varies  some- 
what throughout  the  extent  of  the  central  field.  The  southerly  dip 
of  all  the  beds,  however,  is  common  from  one  extremity  of  the  field  to 
the  other.  The  strata  in  general  are  less  disturbed  and  dip  at  lower 
angles  in  the  east  end  of  the  field,  and  the  oil  sand  on  that  account 
appears  thinner  in  that  region.  In  the  territory  east  of  Belmont  ave- 
nue most  of  the  wells  penetrate  sandy  and  clayey  shale  (Fernando) 
for  the  first  500  or  600  feet.  Beneath  this  is  the  oil  sand,  consisting 
of  125  feet  of  thick  layers  of  coarse  arkose  material  interbedded  with 
thin  clayey  shale.  About  200  feet  beneath  this  sand  is  the  lower  pro- 
ductive zone,  which  consists  of  40  to  50  feet  of  medium  to  coarse  sand 
in  layers  similar  to  those  of  the  upper  zone.  The  two  oil-bearing  beds 
are  separated  in  the  northern  part  of  the  field  by  about  200  feet  of 
tough  blue  clay,  but  toward  the  south  this  thins  out  and  the  pro- 
ductive sands  tend  to  coalesce.  On  the  south  edge  of  the  field  the 
rocks  below  a  depth  of  950  feet  consist  of  alternating  clayey  and  coarse 
sandy  layers,  which  replace  the  heavy,  well-defined  10  to  15  foot  sands 
farther  north.  The  gas  pressure  is  stronger  and  the  oil  more  abund- 
ant, heavier,  and  redder  along  the  south  edge  of  the  field  than  in  the 
same  beds  nearer  the  surface  in  the  northern  portion.  This  reddish 
oil,  it  is  said,  gradually  turns  black  on  exposure  to  the  air.  Below 
the  lower  productive  zone  is  15  to  20  feet  of  clayey  shale  and  thin- 
bedded  sandstone  carrying  considerable  quantities  of  water.  The 
south  edge  of  the  field  is  defined  by  the  line  where  this  water  becomes 
so  abundant  that  it  completely  hinders  development.  The  water  level 
is  said  to  be  between  900  and  950  feet  below  the  surface  east  of  Bel- 
mont avenue  and  1 ,050  feet  west  of  it. 
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The  following  is  a  characteristic  well  log  from  the  northern  part  of 
the  central  field : 

Log  of  vjeU  two  blocks  east  of  Lake  Shore  avenue j  Los  Angeles. 
[Elevation  approximately  400  feet  above  sea  level.] 


Alternating  blue  clayey  shale  and  fine  soft  sandstone 

Same,  with  oil  seepages  in  sandstone 

Blue  clayey  shale 

Coarse  oil  sand 

Blue  clayey  shale,  with  sandy  layers  containing  oil ISO    '      950 

Medium  to  coarse  oil  sand I       £0    i  1,000 

Blue  clayey  shale !       10+ :  1, 010+ 


Thick-  ( n^^K 
ness.   I^Pt^ 


I 

Fe€t.  I  Feet. 

eoo  eoo 

40    '  640 

60    I  700 


70  770 


The  following  log  is  characteristic  of  the  region  about  Second  Street 
Park,  immediately  east  of  Lake  Shore  avenue,  the  well  being  two 
blocks  southwest  of  that  whose  log  has  just  been  given : 

Log  of  well  in  Second  Street  Parky  near  Lake  Shore  avenue ^  Los  Angeles,  a 
(Elevation  approximately  325  feet  above  sea  level.] 


1 


Feet.  I  Feet. 

Sandy  and  clayey  strata  with  thin  strata  of  hard  rock  ("shells") 650  ,  650 

Oil  sand  Interst ratified  with  sandy  clay 125  |  775 

Tough  clay  ("putty") '. 200  i  975 

Oil  sand,  with  water 3  I  978 

Sand  with  water. 

a  Watts,  W.  h.,  BuU.  California  State  Miniig  Bureau,  No.  11, 1897,  p.  6. 

West  of  Belmont  avenue  the  dip  becomes  steeper,  and  although  the 
water  line  becomes  lower,  and  the  wells  consequently  can  go  deeper, 
the  field  narrows  appreciably.  Between  Burlington  avenue  and  Alva- 
rado  street  the  productive  territory  is  about  600  feet  wide;  west  of 
Alvarado  street  it  narrows  to  500  feet,  and  at  the  end  of  the  field, 
near  Coronado  street,  to  about  300  feet.  Near  the  comer  of  Belmont 
avenue  and  First  street  the  wells  penetrate  soft  fine  sandstone  and 
sandy  and  clayey  shale  for  the  first  850  feet,  below  which  they  pass 
into  a  50-foot  zone  of  clayey  shale,  in  which  are  interbedded  petrolif- 
erous sandy  beds  called  **stray"  sands  by  the  drillers.  The  oil  sand 
is  struck  at  about  900  feet  and  is  100  feet  thick,  the  dip  here  being 
between  30°  and  40°.  At  1,040  feet  there  is  a  70-foot  sand,  which 
grades  below  into  a  white  sand  bearing  salt  water.  This  constitutes 
the  lower  limit  of  the  productive  zone. 
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A.     EASTERN  OIL  F 
Looking  ri    th  *ro 


B.     CENTRAL  OIL  Fll 
Looking  e*$t  from  near  corner  of  f 
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£LD.   LOS  ANGELES. 
'  Baker  Iron  works. 


:LD.  LOS  ANGELES. 

'irst  street  and  Belmont  avenue. 
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A  tjrpical  log  for  the  part  of  the  central  field  lying  near  Belmont 
avenue  is  as  follows: 

Log  of  well  at  comer  of  Belmont  avenue  and  First  street,  Los  Angeles, 
[Elevation  approximately  400  feet  above  sea  level.] 


Clayey  and  sandv  shale 

Clayey  shale  with  Interbedded  oil  producing  sand  (''stray  *'  sand) . 

Good  oil  sand,  medium  to  coarse 

Clayey  shale 

Oil  sand 

White  sand  with  salt  water 


Thick- 
ness. 


Feet. 
850 
50 
100 
40 
70 
10+ 


Depth. 


Feet. 

850 

900 
1,000 
1,040 
1,110 
1,120+ 


In  the  region  between  Burlington  avenue  and  Alvarado  street  the 
dip  is  steep,  the  oil  sand  being  struck  at  about  700  feet  on  the  north 
side  of  the  productive  belt,  900  feet  in  the  middle,  and  1,100  feet  at 
the  south  edge.  The  strata  above  the  oil  sand  consist  largely  of 
dark-colored  shale  and  thin-bedded  sandy  layers,  the  latter  occasion- 
ally petroliferous  or  water  bearing  toward  the  base  of  the  section. 
Owing  to  the  steep  dip  in  this  part  of  the  field,  the  wells  remain  in  the 
oil  sand  for  a  much  greater  distance  than  they  do  farther  east.  There 
are  also  indications  of  a  tendency  toward  coalescence  of  the  oil  sands 
here,  caused  by  a  partial  pinching  out  of  the  shale  beds.  One  well 
near  the  north  side  was  drilled  for  over  300  feet  through  productive 
sand,  with  only  a  few  thin  layers  of  shale.  The  water  plane  in  this 
portion  of  the  field  appears  to  be  almost  level,  being  struck  at  a  depth 
of  about  1,200  feet  on  the  north  side  and  1,250  feet  on  the  south  side. 
The  water  is  salt,  and  displaces  the  oil  in  the  sandy  beds  below  these 
depths. 

From  Alvarado  street  westward  to  the  end  of  the  field  the  beds  dip 
at  angles  varying  from  50*^  to  70*^,  and  the  width  of  the  field  is  re- 
duced to  a  minimum  of  300  feet.  The  strata  are  practically  the  same 
as  those  penetrated  east  of  Alvarado  street,  the  only  difference  being 
that  the  water  plane  is  a  little  lower — at  a  depth  of  about  1,300  feet — 
and  the  wells  are  in  consequence  a  little  deeper.  The  wells  here 
are  said  to  be  the  most  productive  in  the  field,  some  of  them  having 
yielded  60  barrels  a  day  at  the  start  and  kept  up  a  steady  production 
of  20  barrels  for  at  least  a  year.  Owing  to  the  steepness  of  dip  and 
the  close  proximity  of  the  wells  to  the  structural  disturbance  at  the 
bend  in  strike,  which  occurs  only  a  short  distance  west  of  the  west 
end  of  the  field,  considerable  difficulty  is  experienced  from  caving. 
Toward  the  northern  edge  of  the  field  the  wells  go  to  1,200  feet  and 
obtain  good  results,  but  much  water  is  encountered  in  many  of  the 
beds  above  the  700-foot  level.  At  the  south  edge  of  the  field  the 
productive  zone,  which  extends  from  a  depth  of  1,000  or  1,100  feet 
to  the  water  plane  at  1,300  feet,  consists  of  clayey  shale  interstrati- 
fied  with  oil-bearing  ''stray''  sands. 
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STRUCTIJRE. 

The  most  important  structural  feature  in  the  central  field  is  a  line 
of  disturbance  which  extends  from  the  region  100  feet  or  so  north  of 
the  corner  of  Patton  and  Temple  streets  westward  to  a  point  on  Ben- 
ton street  about  200  feet  south  of  First.  (See  PI.  XX,  sec.  E-F.)  Near 
this  last  point  it  bends  and  passes  to  tne  northwest  toward  Colcgroove. 
This  structural  featiu-e  is  in  alignment  with  the  fault  along  the  north 
side  of  the  eastern  field,  and  is  probably  a  continuation  of  it.  In 
fact,  the  only  stretch  of  territory  over  which  it  can  not  actually  be 
traced  is  that  lying  between  the  corner  of  Sumner  place  and  Belle- 
rue  avenue,  northwest  of  the  Sisters'  Hospital,  and  a  point  north  of 
Temple  street  near  Patton.  Throughout  this  stretch  and  north 
and  south  of  it  for  some  distance  the  beds  all  dip  to  the  south  at  angles 
varying  from  8°  to  35°,  and  no  evidences  of  folding  or  important 
faulting  were  observed. 

The  anticlinal  structure  of  the  flexure  is  attested  by  the  fact  that 
the  beds  dip  to  the  south  on  Court  street  near  Lake  Shore  avenue 
and  to  the  north  two  blocks  farther  north.  The  more  or  less  irregular 
position  of  the  beds  in  the  axis  of  this  anticline  near  the  corner  of 
Temple  street  and  Lake  Shore  avenue  indicates  that  considerable 
faulting  accompanied  the  folding.  The  exposures  on  Sumner  place 
between  Sunset  boulevard  and  Bellevue  avenue,  in  the  region  north- 
west of  the  corner  of  Patton  and  Temple  streets,  on  Burlington  avenue 
200  feet  or  so  south  of  Temple,  and  on  Benton  street  about  200  feet 
south  of  First  offer  further  evidence  in  favor  of  the  fault  theory. 

The  southern  or  productive  limb  of  the  anticline,  although  much 
the  steeper,  shows  more  regularity  throughout  the  central  field  than 
the  northern  limb.  It  is  considerably  broken  and  irregular  at  its 
east  and  west  ends,  but  these  conditions  are  probably  due  to  other 
lines  of  disturbance  crossing  its  strike.  The  dips  near  the  axis  of 
the  anticline .  are  usually  low,  becoming  steeper  toward  the  south. 
The  oil  appears  to  accumulate  in  the  steeper  beds  just  below  the  point 
where  they  bend  to  the  lesser  dips  near  the  axis.  This  is  well  shown 
in  fig.  13,  a  section  along  C-F,  PI.  XVIII,  across  the  field  near  Lake 
Shore  avenue.  The  dips  in  the  southern  limb  of  the  anticline  in 
the  east  end  of  the  field  vary  from  10°  to  45°,  becoming  abruptly 
steeper  toward  the  east  end  and  reaching  a  maximum  of  70°  near 
the  corner  of  Bellevue  avenue  and  Victor  street,  just  west  of  the 
Sisters'  Hospital.  This  marked  change  in  the  dip  is  doubtless  in 
some  way  related  to  the  line  of  disturbance  described  in  discussing 
the  structure  of  the  eastern  field  (pp.  163-164)  as  extending  south- 
ward from  the  corner  of  Sunset  boulevard  and  Sutherland  street 
toward  the  Sisters'  Hospital.  To  the  west  of  Belmont  avenue  the 
dips  become  steeper,  some  of  them  being  70°  or  more,  and  the  breadth 
of  the  field  decreases  in  a  corresponding  manner.     The  productive 
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area  is  locally  interrupted  in  the  region  immediately  west  of  Coronado 
street,  by  the  fractures  attending  the  change  in  the  direction  of  the 
strike  of  the  beds. 

A  line  of  minor  faults,  some  normal,  others  reverse  or  thrust,  is 
developed  on  the  south  flank  of  the  major  flexure.  A  normal  fault 
occurs  on  Welcome  street  150  feet  south  of  Council,  and  an  excellent 
example  of  the  thrust  faults  is  shown  about  25  feet  north  of  Coltori 
street  on  the  west  side  of  Lake  Shore  avenue.  This  secondary  line 
of  disturbance  seems  to  mark  practically  the  northern  limit  of  the 
productive  territory  over  a  considerable  portion  of  the  field,  but  it  is 
problematical  whether  this  is  merely  a  coincidence  of  position — the 
productiveness  of  the  sands  depending  on  their  distance  from  the  axis 
of  the  anticline  or  their  depth  below  the  surface,  or  both — or  whether 
the  minor  faults  really  seal  the  upper  ends  of  the  oil-bearing  beds 


Fio.  13.— North-south  section  across  the  central  field  on  the  line  C-F,  Pis.  XVIII,  XIX,  along  the 
western  side  of  Lake  Shore  avenue,  Los  Angeles. 

and  thus  limit  the  field.  The  fact  that  a  few  productive  wells  are 
found  north  of  the  line  of  faulting  offers  evidence  refuting  the  absolute 
effectiveness  of  the  barrier  even  though  it  is  operative  over  a  portion 
of  the  territory,  unless  the  explanation  is  that  these  wells  pass  tlirough 
the  tilted  fault  plane  and  derive  their  oil  from  the  productive  beds 
below  and  to  the  south  of  it. 

North  of  the  main  line  of  disturbance  the  beds  for  the  most  par- 
show  local  flexures  with  low  dip;  these  apparently  bear  little  relat 
tion  to  the  major  structural  features  or  to  each  other.  The  general 
anticlinal  structure  of  the  major  flexure  described  in  the  preceding 
paragraphs  is  evidenced,  however,  by  the  recurrence  in  two  knolls, 
cut  through  by  Simset  boulevard  northwest  of  Echo  Lake,  of  the 
coarse  sandstone  (oil  sands)  found  south  of  the  axis  in  immediate 
proximity  to  the  northern  boundary  of  the  central  field. 
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DEVELOPMENT. 

Tlie  central  is  the  oldest  field  in  the  Los  Angeles  district,  its  first 
productive  well  having  been  sunk  in  1892.  As  soon  as  oil  was  assured 
other  wells  were  drilled  in  the  immediate  vicinity,  and  the  field  grew 
rapidly.  The  development  of  that  part  of  the  field  lying  east  of 
First  street  was  practically  complete  by  the  end  of  1896,  while  most 
of  the  wells  in  the  western  part  were  sunk  during  the  period  from 
1897  to  1900.  There  are  at  present  (February,  1906)  516  wells  in 
the  central  field,  of  which  206,  or  about  40  per  cent,  are  pumping, 
while  310,  or  about  60  per  cent,  are  either  abandoned  or  not  pumping. 
In  the  region  west  of  Bonnie  Brae  street  the  proportion  of  pumping 
wells  is  60  per  cent,  but  in  the  eastern  part  of  the  field  it  is  only  31 
per  cent.  This  is  doubtless  due  to  the  greater  age  of  the  eastern 
wells.  The  wells  vary  in  depth  from  500  to  1,400  feet,  averaging 
deeper  in  the  western  than  in  the  eastern  part.  The  eastern  wells 
now  produce  from  2  to  8  barrels  per  day,  and  the  western  wells  go 
considerably  higher,  some  possibly  to  12  or  15  barrels.  The  average 
for  the  field  is  said  to  be  about  4  barrels.  At  their  inception  some  of 
the  wells  in  the  western  part  of  the  field  gave  60  barrels  per  day, 
but  soon  fell  off  to  20  barrels.  The  gravity  of  the  oil  in  this  field 
varies  from  14°  to  16°  B. 

WESTERN  FIELD. 
LOCATION. 

The  western  field  includes  all  of  the  oil-producing  territory  lying 
to  the  west  and  northwest  of  Coronado  street,  north  of  Westlake 
Park,  with  the  exception  of  the  area  described  on  pages  186-195  as 
the  Salt  Lake  field.  In  its  restricted  sense  the  western  field  is  a  belt 
trending  N.  70°  W.,  about  one-half  mile  wide  at  its  southeast  end 
and  one-fourth  mile  wade  at  its  western  terminus  southeast  of  Cole- 
grove.  Within  this  area  of  about  IJ  square  miles  are  four  rather 
distinct  groups  of  wells,  the  area  covered  by  them  being  something 
less  than  one-half  the  total  area  .of  the  oil-yielding  belt. 

TOPOGRAPHY. 

The  region  of  the  western  field,  viewed  topographically,  is  one  of 
transition  from  the  pronounced  hilly  country  northwest  of  Elysian 
Park  to  the  broad,  gently  southward-dipping  Los  Angeles-Santa 
Monica  plain.  Its  characteristic  features  are  low  rolling  hills,  sepa- 
rated by  more  or  less  strongly  pronoimced  ravines,  which  run  in  a 
southerly  or  southwesterly  direction. 
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GEOLOGY. 

Superficial  Pleistocene  deposits  cover  a  large  part  of  the  western 
field,  but  from  the  examination  of  exposures  along  the  ravines  in  its 
eastern  part  and  from  a  study  of  the  well  logs  it  is  known  that  the 
formations  underlying  it  are  the  same  as  those  exposed  in  the  eastern 
and  central  fields.  These  are  the  lower  Puente  sandstones,  the 
Puente  shale  and  thin-bedded  sandstone,  the  Fernando  sandstone, 
and  the  Pleistocene  gravel,  sand,  and  clay. 

The  most  prominent  bed  exposed  is  the  coarse  sandstone  which 
lies  between  the  bands  of  hard,  white,  thin-bedded  shale  at  the  top 
of  the  Puente  formation.  Exposures  of  this  sandstone  may  be 
traced  from  the  hill  one-half  mile  north  of  Westlake  Park  to  the  bend 
in  the  Hollywood  and  Cahuenga  Valley  Railroad  at  the  corner  of 
Western  avenue  and  Temple  road.  The  exposures  one-half  mile 
north  of  Westlake  Park  show  a  medium  to  coarse  or  rather  gritty 
sandstone,  with  colors  varying  from  light  yellow  and  brown  to  choco- 
late, gray,  and  dark  brown.  The  beds  are  considerably  disturbed, 
being  near  the  point  of  change  of  strike  from  N.  80°  W.  to  N.  65°-70° 
N.  West  of  this  locality,  toward  the  Baptist  College,  the  sandstone 
outcrops  along  the  face  of  the  hill  east  of  Occidental  boulevard. 
Still  farther  west,  at  the  corner  of  Commonwealth  avenue  and  Geneva 
street,  the  sandstone  dips  20°  S.  20°  W.  and  is  interbedded  toward 
the  top  with  some  thin  layers  of  hard  siliceous  shale.  Immediately 
southwest  of  the  Baptist  College  the  same  sandstone,  highly  impreg- 
nated with  oil,  in  layers  from  12  to  36  inches  thick,  has  a  dip  of 
20°  S.  At  this  point  the  sandstone  is  coarse  and  chocolate  colored, 
and  is  interbedded  with  1-  to  12-inch  layers  of  chocolate-colored 
shale,  which  contains  large  quantities  of  carbonaceous  matter  and 
some  sulphur. 

Immediately  north  of  the  Baptist  College  are  some  exposures  of 
white  thin-bedded  shale,  interbedded  with  softer,  darker-colored 
shale  which  dips  toward  the  south,  imder  the  coarse  sandstone.  This 
shale  continues  toward  the  northwest  and  is  exposed  in  a  much  crum- 
pled condition  on  First  street  about  one  block  east  of  Vermont  avenue. 
It  also  occurs  in  a  small  ravine  near  the  jimction  of  Rosedale  avenue 
and  the  Hollywood  and  Cahuenga  Valley  Railroad.  The  last  good 
exposure  is  foimd  on  Western  avenue,  just  north  of  Temple  road.  In- 
terbedded in  th,e  shale  about  300  feet  stratigraphically  below  the  main 
layer  of  coarse  sandstone,  is  a  band  of  somewhat  similar  sandstone 
which  appears  to  be  the  principal  productive  bed  in  the  western  field. 
This  lower  sand  is  well  shown  in  a  cut  on  the  Hollywood  and  Cahuenga 
Valley  Railroad  at  Vermont  avenue.  The  dip  here  is  10°  due  west. 
The  sandstone  looks  very  much  like  that  exposed  on  Sunset  boulevard 
and  has  similar  large  ellipsoidal  concretions.     It  does  not  appear  to 
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contain  any  prominent  shale  layers,  although  it  is  overlain  and  under- 
lain by  the  thin  white  siliceous  beds.  As  exposed  in  this  railroad  cut 
the  sand  is  about  50  feet  thick,  but  the  records  of  wells  in  other  parts 
of  the  field  show  that  it  varies  considerably  in  thickness  and  also  in 
the  number  and  prominence  of  the  included  shale  layers. 

Above  the  upper  coarse  sandstone  are  some  layers  of  thin-bedded 
white  shale,  which  may  be  traced  westward  from  the  region  immedi- 
ately north  of  Westlake  Park  toward  the  comer  of  Fifth  and  Hoover 
streets,  and  thence  northwestward  across  Vermont  avenue  to  Western 
avenue,  which  it  crosses  about  one-fourth  of  a  mile  south  of  Temple 
road.  This  shale,  according  to  the  well  records  in  the  region  south- 
west of  the  comer  of  Western  avenue  and  Temple  road,  probably 
averages  somewhat  thicker  in  the  western  field  than  it  does  in  the 
central. 

The  Fernando  is  represented  in  the  western  field  by  rather  hard 
gray  to  chocolate-colored  shale,  exposed  on  a  small  creek  southwest 
of  the  Baptist  College.  The  beds  dip  22°  S.  25°  W.  Some  soft,  thin- 
bedded  sandstone  and  sandy  shale  also  occur  in  the  formation  above 
the  hard  beds  near  the  base.  Although  there  are  few  outcrops  to  cor- 
roborate the  assertion,  it  is  exceedingly  probable  that  the  Fernando 
overlies  the  Puente  x>ver  the  whole  extent  of  the  Los  Angeles-Santa 
Monica  plain,  south  of  Temple  road  and  at  least  as  far  west  as  the 
west  end  of  Rancho  la  Brea. 

As  previously  stated,  the  Pleistocene  deposits  consist  of  gravel, 
sand,  and  clay  and  lie  unconformably  upon  the  older  rocks  from  the 
foot  of  the  Santa  Monica  Mountains  southward  across  the  Los  An- 
geles-Santa Monica  plain.  An  excellent  exposure  of  the  Pleistocene 
occurs  in  the  ravine  northwest  of  the  Baptist  College.  This  deposit 
consists  of  sand  and  gravel  of  granitic  quartz,  sandstone,  and  shale 
fragments,  some  of  the  cobbles  attaining  a  diameter  of  over  6  inches. 
The  whole  is  richly  impregnated  with  heavy  oil,  which  seeps  from  the 
imderlying  sandstone  and  shale  and  imparts  a  dark  chocolate  color  to 
the  mass.  Pleistocene  deposits,  consisting  of  roughly  bedded  sand 
and  gravel,  lying  in  an  approximately  horizontal  position,  may  also  be 
seen  in  cuts  along  some  of  the  roads  west  of  Hoover  street. 

GEOLOGY   OF   THE    WELLS. 

For  convenience  of  discussion,  the  western  field  will  be  divided  into 
four  areas  corresponding  to  the  four  more  or  less  distinct  groups  of 
wells  which  it  comprises.  The  first  area — the  largest  and  by  far  the 
most  important — embraces  the  territory  in  the  vicinity  of  the  Baptist 
College,  and  is  bounded  by  Coronado  street  on  the  southeast  and  by 
Rosedale  avenue  on  the  west;  the  second  area  includes  the  region 
about  the  bend  in  the  Holljrwood  and  Cahuenga  Valley  Railroad  at 
the  comer  of  Western  avenue  and  Temple  road ;  the  third  is  located 
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two  or  three  blocks  northwest  of  the  second ;  and  the  fourth  covers  a 
few  acres  at  the  east  end  of  the  Rancho  la  Brea  about  a  mile  south  of 
Golegrove. 


BAPTIST  COLLEGE   AREA. 


A  reference  to  the  geologic  map  (PI.  XVIII;  will  show  that  within 
the  Baptist  College  area  are  the  outcrops  of  five  distinct  zones,  which 
are,  from  the  base  up,  the  oil-bearing  thin-bedded  shale  and  sandstone 
of  the  Puente  formation,  southwest  of  these  the  150-foot  oil  sand  of 
the  central  field,  the  white-shale  zone  at  the  top  of  the  Puente,  the 
thin-bedded  sandstone  of  the  Fernando,  and  over  all  in  more  or  less 
scattered  patches  the  Pleistocene  graveland  sand.  Oil  is  derived 
principally  from  a  zone  (probably  corresponding  with  the  lower  oil 
zone  of  the  central  field)  of  interbedded  clayey  shale,  ''shell,"  and  oil 
sands,  the  top  of  which  lies  from  200  to  400  feet  below  the  bottom  of 


Sandy  shale 


Clayey  shale 


Oil  sand  and 
interbedded  shale 


Fio.  14.— North-south  section  on  the  line  W-F,  Pis.  XVIII,  XIX,  along  Hoover  street  from  First 
to  Sixth  streets,  Los  Angeles,  showing  the  structure  of  the  western  field. 

the  main  oil  sand  of  the  Los  Angeles  district.  As  would  be  expected, 
the  logs  of  the  wells  in  this  area  farthest  toward  the  southwest  give  the 
most  complete  records.  The  Fernando  formation  consists  of  sandy 
shale  and  fine  sandstone,  beneath  which  are  the  clayey  shale  and  in- 
terbedded '* shell"  layers  which  lie  above  the  thickest  sandstone  bed. 
This  sandstone  bed  (first  oil  sand),  where  reached  by  wells  south  of  its 
outcrop,  usually  gives  a  small  yield  of  heavy  oil.  Below  the  sand- 
stone the  wells  penetrate  about  400  feet  of  thin-bedded  blue  clayey 
shale,  thin  hard  ^' shell,''  and  interbedded  oil-bearing  sands.  Between 
130  and  170  feet  above  the  bottom  of  this  shale  is  a  layer  of  coarse, 
water-bearing  sand,  and  at  its  base  is  a  20  to  50  foot  oil  sand,  the 
greater  thickness  in  wells  in  the  southwestern  part  of  the  area,  the  less 
in  the  wells  which  start  down  north  of  First  street.  From  this  horizon 
down  the  well  logs  show  considerable  discrepancy.     Blue  clayey  shale, 
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containing  thin  to  moderately  thick  beds  of  oil  sand  with  some  water- 
bearing strata  between  appears  to  lie  beneath  the  lower  or  second  oil 
sand  in  most  of  the  wells.  Water  with  a  temperature  of  104*^  was 
struck  in  a  well  at  the  comer  of  First  street  and  Vermont  avenue  at  a 
depth  of  800  feet.  In  this  well  from  800  down  to  1,735  feet  the  strata 
are  blue  clayey  shale  and  some  ^' shell."  A  heavy  flow  of  water  was 
encountered  at  1,400  feet.  The  sandy  shale  from  1,400  to  1,735  feet 
yielded  some  oil  and  gas.  The  record  of  a  well  drilled  immediately 
southwest  of  the  comer  of  Fourth  and  Hoover  streets  reveals  some 
interesting  facts.  The  first  oil  sand  in  this  well  (probably  the  second 
of  the  above  discussion)  was  encountered  at  250  feet  and  extended  to 
350  feet.  This  productive  sand,  as  reported,  was  succeeded  below  by 
water-bearing  sand,  with  no  shale  or  other  parting  between.  When 
the  depth  of  350  feet  was  reached  the  well  yielded  from  75  to  100  bar- 
rels of  oil  containing  no  water  for  a  time,  but  finally  water  came  from 
below  and  the  well  was  temporarily  abandoned.  After  it  had  lain  idle 
for  five  or  six  months  operations  were  again  begun,  but  the  moment 
the  water  in  the  well  was  agitated  the  strong  gas  pressure  threw  water 
and  oil  30  or  40  feet  into  the  air.  Drilling  was  recommenced  after  this 
spasmodic  ^*gush,"  but  water-bearing  sands  and  some  shale  were  the 
only  strata  penetrated  to  1,000  feet,  where  a  6-foot  layer  of  coarse 
bowlders  was  encountered.  From  1,000  feet  down  the  formation  was 
clayey  shale,  with  a  20-foot  oil  sand  between  1,100  and  1,200  feet  and 
another  50-foot  sand  between  1,300  and  1,400  feet.  These  sands 
were  very  productive,  but  owing  to  the  softness  of  the  beds  the  water 
could  not  be  shut  oflF  and  was  always  troublesome. 

In  the  territory  southwest  of  the  comer  of  Sixth  and  Hoover  streets 
the  wells  start  down  in  the  beds  overlying  the  first  oil  sand  (here 
almost  barren),  penetrate  the  sand  for  about  150  feet,  pass  through 
300  to  400  feet  of  clayey  and  sandy  shale  and  reach  the  second  or 
productive  sand,  from  60  to  90  feet  thick,  at  a  depth  of  about  525 
feet.  North-northeast  of  this  locality,  in  the  region  about  the  comer 
of  Hoover  and  Geneva  streets,  the  second  sand  (the  first  encountered 
in  these  wells)  is  struck  at  about  190  feet  and  is  22  feet  thick.  About 
50  or  60  feet  below  this  sand  is  another  60-foot  productive  zone.  The 
same  relative  conditions  as  have  just  been  described  exist  along  the 
strike  of  the  beds  toward  the  northwest,  the  shallow  wells,  varying 
in  depth  from  140  to  400  feet,  occurring  in  the  northeastern  portion 
of  the  field,  while  the  deeper  wells  are  found  along  the  southwestern 
border. 

The  oil  in  many  of  the  wells  in  the  Baptist  College  area  has  been 
succeeded  by  water,  which  appears  to  follow  up  the  oil  from  below. 
There  is  also  more  or  less  water  in  all  the  producing  wells,  some,  it  is 
said,  yielding  75  barrels  of  water  for  each  25  barrels  of  oil.     Gas 
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occurs  in  most  of  the  wells,  but  not  in  sufficient  quantities  to  be  of 
economic  importance.  The  oil  is  mostly  black,  but  the  emulsion  of 
oil  and  water  as  it  is  pumped  from  the  wells  usually  appears  bronze 
colored.  Some  of  the  wells  near  the  comer  of  Dome  and  Hoover 
streets,  high  up  on  the  rise  of  the  oil  sands  and  not  far  from  the  axis 
of  the  anticline,  yield  red  oil,  which,  however,  becomes  black  on 
exposure  to  the  air.  The  gravity  of  the  oil  in  the  Baptist  College 
area  varies  from  12.5°  to  14.5°  B.  The  production  is  from  a  fraction 
of  a  barrel  to  5  or  6  barrels  per  day.  Some  of  the  wells  are  said  to 
have  started  with  a  production  of  75  to  100  barrels  but  fell  ofif  to  30 
barrels  after  ten  months,  3  barrels  after  two  years,  and  IJ  barrels 
after  three  years.  The  effect  of  the  new  wells  on  the  old  was  imper- 
ceptible, the  decrease  in  production  being  due  to  a  local  sapping  of 
the  sand  immediately  surrounding  the  well. 

The  three  foUowing  logs  are  characteristic  for  their  respective 
locaUties: 


Log  of  well  immediately  southwest  of  the  comer  of  Hoover  and  Fourth  streets,  Los  Angeles. 
[Elevation  approximately  275  feet  above  sea  level.] 


Coarae  sand,  with  clayey  and  sandy  shale  and  occasional  thin  "  shell "  layers  toward 

the  base 

Excellent  oil  sand,  yielding  75  to  100  barrels  of  oil  at  start 

Alternating  thin-bedded  sandstone  and  shale  containing  water 

Layer  of  coarse  conglomerate  (*  *  bowlders  ") 

Alternating  thin-bMded  sandstone  and  shale,  ^%ith  water 

Good  oil  sand;  some  water 

Clayey  sliale 

Good  oil  sand;  some  water 

Soft  clayey  shale,  too  soft  to  hold  casing  for  shutting  off  water 
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ness.  I 
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250 
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Log  of  well  immediately  northeast  of  the  comer  of  Hoover  and  Geneva  streets,  Los  Angeles. 
[Elevation  approximately  290  feet  above  sea  level] 


Brown  clayey  shale  . . . 
Coarse  sand  and  water 

Oil  sand 

Very  hard  "shell" 

Barren  oil  sand 
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Log  of  well  southeast  of  the  comer  of  Vermont  avenue  and  First  street,  Los  Angeles. 
[Elevation  260  feet  above  sea  level.] 


Thick- 


Feei. 

Hard  sandstone I  80 

Blue  clayey  shale  alternating  with  thin  oil  sands 400 

Oil  sand,  also  containing  littie  water  under  pressure i  20 

Blue  clayey  shale  and  thin  sandstone,  some  of  latter  oil  bearing;  water  sands  between  i 

oil  sands '  300 

Sandstone  containing  hot  water,  104°  F I  2 

OU  sand  containing  fight  oU 28 

Sandstone  containing  water '  5 

Clayey  shale {  15 

"Marble"  (calcareous  scale  or  "shell") 3 

Alternating  blue  clayey  shale  and  medium-  to  fine-grained,  thin-bedded  sandstone '  S47 

Heavy  flow  of  water  In  sand 1^ 

Sandstone  and  light  oil  strata  with  gas  all  the  way  down 334 


D^th. 


Feet. 
80 
480 
500 

800 

802 
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S35 
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853 

1,400 

1.401 

1.735 


Fig.  15.— Detail  of  section  along  the  line  0-D,  Pis.  XVIII,  XIX,  western  oil  field.    Small  letters  refer 
to  locations  of  wells  on  section  C-D,  PI.  XX. 


VICINITY    OP   WESTERN    AVENUE    AND   TEMPLE    ROAD. 

The  formations  underlying  the  area  east  of  the  comer  of  Western 
avenue  and  Temple  road  are  the  same  as  those  found  toward  the 
southeast,  in  the  region  of*  the  Baptist  College.  The  surface  out- 
crops seem  to  indicate  that  the  dip  of  the  beds  is  toward  the  south- 
west, but  from  the  evidence  oflFered  by  a  group  of  wells  just  south  of 
Temple  road  one-fourth  mile  east  of  Western  avenue,  the  dip  appears 
to  be  south-southeastward  about  4  feet  in  300  feet.     This  discrep- 
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ancy  is  doubtless  due  to  the  proximity  of  the  area  to  the  axis  of  the 
Los  Angeles  anticline. 

The  wells  in  the  northern  part  of  the  area,  near  Temple  road,  after 
penetrating  gravel  and  sand  for  approximately  100  feet  pass  through 
alternating  clayey  shale  and  fine  sandstone  for  about  250  feet.  At 
this  depth  the  oil  sand,  which  appears  to  be  barren  at  the  top  but 
productive  below,  is  encountered  and  extends  for  35  feet.  About 
20  feet  below  this  is  a  layer  of  sand  which  yields  flowing  water.  The 
wells  in  this  part  of  the  area  yield  an  average  of  1  to  2  barrels  of 
15°  B.  oil  per  day;  and  in  addition  considerable  quantities  of  gas 
and  usually  less  than  2  per  cent  of  water. 

About  one-fourth  mile  to  the  southwest  down  the  dip  from  the  ter- 
ritory just  described  the  wells  reach  the  oil  sand  at  310  feet.  The 
sand  is  here  40  feet  thick  and  is  somewhat  more  productive  than  it 
is  higher  up,  3rielding  on  an  average  6  barrels  per  day  per  well.  The 
same  strata  were  penetrated  and  the  same  amount  of  water  is  encoun- 
tered in  these  deeper  wells  as  in  the  wells  to  the  northeast. 

Still  farther  southwest,  about  one-half  mile  southwest  of  the  corner 
of  Western  avenue  and  Temple  road,  the  wells  strike  an  oil  sand  at 
a  depth  of  about  350  feet  which  outcrops  at  the  surface  in  the  vicinity 
of  the  wells  just  described.  This  sand  furnishes  the  main  yield  of 
these  wells.  About  350  feet  below  this  upper  oil  sand  is  encountered  a 
second  oil  zone  corresponding  to  the  productive  sand  of  the  wells  half  a 
mile  to  the  northeast.  The  strata  above  the  first  sand  are  largely  clayey 
and  sandy  gray  shale,  possibly  Fernando  in  part,  with  some  harder 
shale  and  '* shell' ^  layers  immediately  above  them.  Between  the  first 
and  second  oil  zones  are  alternating  clayey  and  sandy  shale  with  a  few 
thin  layers  of  hard  siliceous  shale  or  ''shell/'  isolated  accumulations 
of  oil  and  gas  occur  throughout  these  beds. 

The  three  following  Well  logs  are  characteristic  of  the  region  near 
Western  avenue: 

Log  of  well  one-fourth  mile  east  of  the  comer  of   Temple  road  and   Western  aveniUy 

Los  Angeles. 

[Elevation,  280  feet  above  sea  level.] 
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Log  of  well  one-fovHh  mile  eastsoxiiheast  of  the  comer  of  Temple  road  cmd  Western  avenu£, 

Los  Angeles, 

I  Elevation,  245  feet  above  sea  level.J 


Thick-  I  ru^^^ 


Sou 

* '  Adobe ' '  or  sandy  shale . 

Yellow  clay 

"Adobe" 

Sand  and  shale 

**Adobe" 

Oil  sand. 


Thln-beddod  clayey  shale  and  sand;  artesian  water  at  390  feet. 

Thin-bedded  clayey  shale  and  sand 

Clayey  shale;  artesian  water  in  fine  white  sand  at  470  feet 

Clayey  and  sandy  shale  und  fine  sandstone 

Same  as  last,  with  artesian  water  in  quicksand 

Conglomerate 

Sandy  shale 

Hard  white  sandstone 
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Log  of  well  one-half  mile  southwest  of  the  comer  of  Temple  road  arid  Western  avenue, 

Los  Angeles, 

[Elevation,  238  feet  above  sea  level.] 
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AREA   ONB-FOURTH   MILE   NORTHWEST   OP  TEMPLE    ROAD   AND   WESTERN   AVENUE. 

The  underground  geology  in  the  vicinity  of  the  little  group  of  wells 


in  the  SE.  J  sec.  14,  T.  1  S 
the  comer  of  Temple  road 
and  Western  avenue,  in- 
troduces a  new  structural 
factor  in  the  shape  of  a 
northeast  -  southwest  line 
of  disturbance.  In  a  j our- 
ney  westward  through  the 
western  field  this  is  the 
first  evidence  encountered 
of  the  secondan^  zone  of 
disturbance  which  to  the 
southwest  develops  into 
the  Salt  Lake  flexure. 
The  line  of  disturbance  or 
fault  appears  to  extend  in 
a  southwesterly  direction 
from  the  northeast  comer 
of  the  SE.  i  sec.  14, 
through  a  point  80  feet 
west  of  Loma  Vista  well 
No.  5,  and  thence  indefi- 
nitely toward  the  Salt 
Lake  field. 

East  of  this  line  of  dis- 
turbance  the  main  oil 
zone,  which  is  here  from 
80  to  90  feet  thick,  is  en- 
countered at  a  depth  of 
between  195  and  210  feet, 
the  overlying  beds  consist- 
ing of  Pleistocene  sand 
and  gravel  near  the  sur- 
f  ace,  with  thin -bedded 
shale  and  fine  sandstone 
below.  The  wells  yield  as 
high  as  20  barrels  per  day 
when  they  first  come  in, 
but  this  production  falls 
off  and  at  %he  end  of  two 
years  is  in  few  cases  over 
2  barrels.  The  original 
high  production  is  caused 
Bull.  30»— 07 13 


one-fourth  mile  northwest  of 


Fio.  16.— Detail  of  section  along  the  line  A-B,  PI.  XVIII, 
western  oil  field.  Small  letters  Indicate  locations  of  wells  on 
section  A-B,  PI.  XX. 
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by  the  gas  pressure,  which  is  rather  strong  in  this  area.  West  of  the 
line  of  disturbance  water  is  encountered  in  the  wells  at  a  depth  of 
400  feet,  but  no  oil  was  struck,  although  one  of  the  wells  was  con- 
tinued to  580  feet. 

AREA   SOUTH   OF  COLEGROVE. 

The  wells  in  and  near  the  SE.  J  sec.  15,  T.  1  S.,  R.  14  W.,  about  a 
mile  south  of  Colegrove,  penetrate  the  same  strata  that  underlie  the 
Salt  Lake  field,  a  mile  and  a  half  to  the  southwest.  The  wells  reach 
the  oil  zone  near  the  surface,  where  it  is  unproductive  and  almost 
dry,  while  those  of  the  Salt  Lake  field  encounter  it  at  depths  of  1,000 
to  3,000  feet,  where  it  is  exceedingly  rich  in  oil  and  gas.  The  two 
areas  offer  an  excellent  illustration  of  the  differences  in  saturation 
of  a  single  zone  at  different  points,  and  also  of  the  fact  that  within 
reasonable  depths  oil-bearing  strata  which  outcrop  at  the  surface  or 
whose  truncated  ends  are  overlain  near  the  surface  by  comparatively 
thin  deposits  of  porous  material  are  deprived  of  most  of  the  petro- 
liferous contents  of  their  upper  portions  either  by  slow  distillation 
or  by  some  other  process. 

The  wells  of  the  Colegrove  area  penetrate  Pleistocene  sand,  usually 
water  bearing  at  the  base  for  about  50  feet,  below  which  they  enter 
thin-bedded  clayey  shale,  sandstone,  and  ''shell."  The  northeast- 
emmost  wells  strike  the  oil  sand  at  a  depth  of  a  Uttle  more  than  1 00 
feet,  and  from  this  point  down  for  at  least  300  feet  pass  through 
alternating  layers  of  oil  sand,  clayey  shale,  and  "shell,"  with  here 
and  there  one  of  conglomerate.  From  the  northeastern  edge  of  the 
Colegrove  area  the  oil  sands  dip  toward  the  southwest  at  an  angle  of 
about  22°,  being  encountered  at  greater  and  greater  depths  in  the 
wells  as  the  Salt  Lake  field  is  approached.  The  wells  farthest  north- 
east start  down  in  beds  which  underlie  what  has  been  called  the 
"first"  of  "150-foot"  oil  sand,  but  those  situated  southwest  of  the 
middle  point  of  the  Hne  dividing  the  SW.  }  from  the  SE.  }  of  sec.  15 
penetrate  this  sand  at  depths  varying  from  100  feet  down.  A  well 
located  about  one-eighth  of  a  mile  west  of  the  middle  of  the  south  line 
of  sec.  15  strikes  this  first  oil  sand  at  722  feet  and  from  this  depth 
down  to  1,532  feet  penetrates  an  almost  continuous  series  of  oil- and 
gas-bearing  sandstone  and  sandy  shale  interbedded  with  clayey  shale 
and  thin  layers  of  hard  siliceous  shale  or  "shell."  For  some  reason 
the  sands  here  are  not  very  productive  and  no  important  wells  have 
been  developed  over  this  part  of  the  area. 

Northeast  of  the  Colegrove  area  the  oil-bearing  shale  and  sand- 
stone pass  over  the  Los  Angeles  anticline  and  extend  in  low  folds 
toward  Prospect  Park.  Traces  of  oil  and  gas  have  been  found  in  these 
beds  in  nearl}^  all  the  wells  drilled  between  the  productive  belt  and 
the  Prospect  Park  region,  but  no  accumulations  of  consequence  have 
been  encountered. 
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The  three  following  well  logs  indicate  the  character  of  the  strata 
in  the  Colegrove  area.  They  are  given  in  order  down  the  dip  of  the 
strata  from  the  northeast  edge  of  the  area  toward  the  Salt  Lake  field. 


Log  of  well  on  northeast  edge  of  the  group  drilled  in  the  SE.  {  sec.  15,  T.  1  S,,  R.  14  W. , 

Los  Angeles. 


[Elevation,  239  foot  above  sea  level.] 


SoU 

Ilardpan 

Blue  clay 

G  ray  clay 

Fine  black  saDd  and  clay;  water  at  47  feet,  but  soon  exhausted . 

Fine  black  sand  and  shale , 

Oil  sand;  showing  of  oil  from  60  to  119  feet 

Sandy  shale 

Alternating  brown  shale  and  oil  sand 

Shale. 


Tar  sand  in  3-foot  layers 

Tar  sand  separated  by  thin  layer  of  shale. . . 
Tar  sand;  dry  toward  top;  tar  bed  at  base. 
Quicksand  with  water 


;  Thick- 


Depth. 


Feet. 

Feet. 

6 

6 

8 

14 

21 

35 

15 

50 

22 

72 

40 

112 

7  ' 

119 

6  1 

125 

29  1 

154 

6  , 

160 

36 

196 

84  1 

280 

37  1 

317 

5 

322 

Log  of  well  on  soxUhwest  edge  of  the  group  drilled  in  the  SE.  \  sec.  15^  T.  1  S.,  R.  14  W., 

Los  Angeles. 


[Elevation,  245  feet  above  sea  level.] 


Red  sand 

Yellow  clay 

Hard -shell" 

Sandstone  and  shale 

Shale;  1-foot  "shell "  at  186  feet . 
Tar  sand. 


Shale;  l-foot  "shell "  at  284  feet;  3-foot  "shell "  at  302  feet  . 

Conglomerate 

Shale. 


I  Thick- 


oil  sand;  1-foot  "shell"  at  380  feet;  4-foot  "shell"  at  448  feet:  1-foot  "shell"  at  484 
feet 


Conglomerate. 

on  sand 

Conglomerate  . 

Oil  sand 

Conglomerate . 


Depth. 


Feet. 

Feet. 

50 

50 

83 

133 

4 

137 

10 

147 

108  , 

265 

1 

256 

7  ! 

363 

1 1 

364 

7  ■ 

371 

156  i 

527 

10  1 

537 

9 

546 

2  i 

548 

48 

596 

5 

fOl 
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Log  of  well  one-eighth  mile  weM  of  middle  of  south  line  of  sec.  15,  T.  1  S.f  R.  IJ^  W.j  WeH- 

em  Oil  Field,  Los  Angeles. 


I  Elevation.  240  feet  above  sea  level.] 


Sandy  clay 

Yellow  clay 

Water  sand 

Hard  shale  or ' '  shell " A 

Blue  clay 

Hard  shale  and  sandstone 

Brown  sandy  shale;  very  sticky  l)etween  264  and  2M  feet 

Clayey  shale;  2-foot  ''shell"  at  506  and  570  feet 

Alternating  clayey  shale  and  fine  sandy  shale  to  sandstone 

Tar  oU  sand 

Alternating  shale  and  barren  sand 

Clayey  shale,  changing  to  sandy  shale;  6  feet  of  coarse  sand  at  815  feet 

Coarse  gravel  with  gas  and  oil 

Hard  sLUcoous  shale  or  "shell " 

Sandy  shale;  considerable  gas 

Clayey  shale 

Oil  sand  carrying  heavy  oil 

Alternating  "shell "  and  sand  ^litb  considerable  gas  and  oil 

VeiT  hard^'rock" 

White  sand  with  streaks  of  tar , 

Tar  sand 

Very  hard  "rock" , 

Sand  rock , 

Tar  sand  in  3  to  10  foot  strata,  alternating,  with  *  *  shell" 

Tar  sand  with  thin  stress  of  shale;  more  gas 

"Shell" 

Alternating  tar  sand  and  shale,  showing  of  oil  and  gas  between  1.249  and  1,254  feet  .. . 

Tar  sand  with  occasional  hard  * '  shell ' '  layers 

Alternating  sand  and  shale,  showing  of  oil  and  gas 

Hard  coarse  sandstone 

Sand  interstratified  with  brown  sandy  shale 

Hard  "shell" 

'  *  Shell '  •  and  gray  sand,  carrying  tar  and  gas;  sand  looks  like  water  sand,  but  no  water 

in  it 

Water  sand 

Hard  "rock" 

Sand,  carrying  tar  and  water 

Fine  sand  carrying  consideral)le  tar 

Dry  tar  sands  mterbedded  with  "shell;"  "shell"  from  1,364  to  1,366  feet 

White  sand,  hard  at  base 

Tar  bed,  with  pure  tar 

White  quicksand  with  water 

Tar  sand  alternating  with  thin  "shell;"  hard  "shell"  1,467  to  1,4/8  feet 

White  sand 

Hard  shell  with  gas  and  heavy  oil  just  Tjelow  it 

White  sand  containing  tar  and  gas 

Sand  and  brown  shale 

Hardshell 

White  sand 

Very  hard  shell  with  some  tar  and  gas  beneath  it 

Hard,  sand  with  strealcs  of  shale 


Thick- 


Feet. 

11 

29 

70 

2 

81 

11 

130 

349 

80 

6 

12 

tiO 

2 

6 

17 

15 

35 

35 

20 

20 

6 

5 

30 

59 

85 

5 

64 

36 

6 

7 


Depth. 


FeeL 

11 

40 

110 

112 

193 

204 

343 

092 

772 

778 

790 

860 

852 

858 

875 

890 

921b 

960 

980 

1,000 

1.006 

l.OU 

1,041 

1,100 

1,185 

1,190 

1,254 

1,290 

1,296 

1,303 

1.308 

1,318 

1,336 
1,348 
1,350 
1.360 
1,364 
1,373 
1,386 
1,393 
1.306 
1,478 
1,493 
1,496 
1,506 
1,515 
1,520 
1,538 
1,533 
1,544 


STRUCTURE. 

Tlie  structural  conditions  in  the  western  field  are  graphically  illus- 
trated by  PI.  XX,  which  shows  a  section  along  the  line  C-D  from 
1  mile  southwest  of  the  comer  of  Western  avenue  and  Temple  road 
to  Edgemont  (see  also  fig.  15),  and  another  section  along  the  line 
A-B,  showing  the  underground  geology  from  the  Colegrove  area  to 
the  Salt  Lake  field  (see  also  fig.  16),  and  by  fig.  14,  a  section  along 
Hoover  street.  The  principal  structural  feature  in  the  field  is  the 
northwestward  continuation  of  the  Los  Angeles  anticline.  The  trend 
of  this  flexure  changes  from  N.  80°  W.  to  N.  65°~70°  W.,  at  the  east 
end  of  this  field,  west  of  Coronado  street.  The  area  of  the  change 
of  trend  lies  northeast  and  southwest  from  the  comer  of  Sixth  and 
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Hoover  streets,  and  is  one  of  considerable  fracturing  and  distortion,  as 
is  evidenced  by  the  dips  which  occur  in  its  vicinity.  Northwest  of  the 
disturbed  area  the  strata  along  the  southwestern  limb  of  the  anticline 
are  inclined  at  angles  of  20°-25°,  S.  20°-25°  W.  As  the  beds  approach 
the  axis  they  flatten  out,  passing  gently  over  it  into  the  low  local 
folds  and  flexures  which  characterize  the  rolling  country  to  the  north, 
not  only  of  the  western,  but  of  the  central  field  also.     (See  fig.  14.) 

The  Los  Angeles  anticline  is  complicated  by  faulting  in  this  field, 
as  it  is  in  the  region  to  the  east.  This  is  well  shown  by  an  exposure 
on  First  street,  one  block  east  of  Vermont  avenue,  where  the  beds  are 
much  distorted  and  broken  up.  From  this  point  the  line  of  disturb- 
ance passes  near  the  junction  of  Rosedale  avenue  and  the  old  Holly- 
wood and  Cahuenga  Valley  Railroad;  thence,  as  shown  by  well  rec- 
ords, across  Western  avenue  at  a  point  somewhere  less  than  a  quarter 
of  a  mile  north  of  Temple  road,  and  thence  into  the  group  of  wells 
which  lie  about  a  quarter  of  a  mile  northwest  of  the  comer  of  Western 
avenue  and  Temple  road.  A  new  line  of  disturbance,  probably  a 
fault  and  doubtless  related  to  the  Salt  Lake  flexure  (see  p.  194),  is 
encountered  in  this  last-mentioned  group  of  wells  and  extends  in  a 
northeast-southwest  direction  across  the  trend  of  the  anticline.  The 
geologic  conditions  are  different  on  the  two  sides  of  the  fault  line,  and 
from  this  it  is  safe  to  assume  that  the  structural  conditions  are  also 
different,  but  just  what  effect  the  fault  has  had  on  the  main  anticline 
is  problematical.  Evidence  offered  by  the  logs  of  the  Colegrove 
group  of  wells  and  of  other  wells  between  this  group  and  the  Salt 
Lake  field  and  by  the  great  monocline  in  the  region  of  Cahuenga  Pass, 
in  the  Santa  Monica  Moimtains  to  the  north,  appears  to  indicate  a 
northwestward  extension  of  the  anticline  past  the  transverse  fault, 
toward  the  mouth  of  Laurel  Canyon.  A  glance  at  the  geologic  map 
of  the  western  field  clearly  demonstrates  that  most  of  its  structural 
features  are  determinable  only  by  a  comparison  of  the  well  logs.  It 
has  therefore  been  necessary  to  depend  almost  entirely  on  these  logs 
in  working  out  the  structure  of  the  great  southwestern  limb  of  the 
Los  Angeles  anticline.  In  the  area  southwest  of  the  Baptist  College, 
where  the  anticline  recovers  from  the  distortion  and  fracturing 
accompanying  its  change  of  strike  farther  east,  this  southwestern 
limb  (or  monocline,  as  it  may  be  considered  in  this  territory)  dips  at 
angles  of  20°-22°,  S.  20''-30°  W.  The  dip  near  Western  avenue  and 
Temple  road  is  a  little  more  toward  the  south,  and,  being  nearer  the 
axis,  is  but  about  12°,  while  half  a  mile  to  the  southwest  the  dip  is 
approximately  26°.  One-half  mile  farther  west  the  slope  flattens  out 
to  23°,  and  still  farther  northwest,  in  the  area  southwest  of  the  Cole- 
grove  group  of  wells,  it  is  only  22°,  continuing  practically  at  this 
angle,  at  least  so  far  as  its  southwestern  element  is  concerned,  to  the 
Salt  Lake  field.     Evidence  secured  in  this  field  indicates  that  a  local 
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flexure  trending  northeast  and  southwest  probably  changes  the  gen- 
eral dip  of  the  beds  from  southwest  in  the  region  of  the  Colegrove 
group  of  wells  to  west  and  then  to  northwest  toward  the  center  of  the 
Salt  Lake  field. 

The  contour  lines  on  the  map  (PL  XIX)  give  an  approximation  of 
the  depth  of  the  top  of  the  upper  oil  sand  or  zone  below  Los  Angeles 
city  datum  (255  feet  above  sea  level). 

SALT  LAKE  FIELD. 
LOCATION. 

The  Salt  Lake  field — so  named  from  its  first  important  producing 
company — occupies  an  area  approximately  a  mile  square  near  the 
intersection  of  Fourth  street  and  La  Brea  road,  7  miles  west  of  the 
business  portion  of  Los  Angeles.  The  productive  territory  as  now 
developed  embraces  the  northwestern  part  of  the  SE.  J,  the  north- 
eastern part  of  the  SW.  },  and  the  southern  part  of  the  N.  i  sec.  21, 
T.  1  S.,  R.  14  W.  In  addition  to  this  there  are  some  important  wells 
in  the  central  part  of  the  E.  J  sec.  20  and  some  small  producers  in  the 
NW.  J  sec.  28. 

The  field  occupies  a  part  of  the  Los  Angeles-Santa  Monica  plain, 
which  extends  southward  with  a  gradually  lessening  slope  from  the 
base  of  the  Santa  Monica  Mountains  toward  the  hills  southwest  of 
Los  Angeles.     (See  PI.  XXIII.) 

GEOLOGY. 

GENERAL   STATEMENT. 

Alluvium  and  Pleistocene  deposits  of  gravel,  sand,  and  clay  cover 
the  plain  in  the  region  of  the  Salt  Lake  field,  but  surface  outcrops  of 
other  beds  are  to  be  foimd  no  nearer  than  about  2  imles  from  the 
present  developed  territory.  The  well  logs  and  a  study  of  the  adja- 
cent territory  indicate,  however,  that  the  formations  involved  in  the 
geology  of  this  field  include  at  least  a  part  of  those  exposed  to  the 
east  in  the  vicinity  of  the  Los  Angeles  city  field.  They  are  (a)  2,000  + 
feet  of  Puente  sandstone;  (6)  2,000=b  feet  of  upper  Puente  shale  and 
thin-bedded  sandstone;  (c)  2,000-1-  feet  of  Fernando  clayey  and 
sandy  shale,  sandstone,  and  gravel,  and  (d)  an  unconformable  capping 
of  Pleistocene  gravel,  sand,  and  clay  varying  in  thickness  from  40  to 
190  feet  or  more,  the  whole  covered  by  alluvium.  A  detailed  descrip- 
tion of  these  formations  is  given  in  the  discussion  of  the  general 
geology  of  the  district  and  will  not  be  repeated  here. 

OIL   SANDS. 

The  most  productive  sands  occur  at  the  top  of  the  Puente  forma- 
tion although  traces  and  locally  more  or  less  important  accumulations 
of  oil  and  gas  are  found  in  the  shale  above  the  principal  oil  zone. 
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The  oil  is  supposed  to  be  derived  largely  from  the  diatoms  and  other 
minute  organic  remains  foimd  in  the  underlying  shale  and  finds  its 
way  into  the  sandy  layers  mainly  through  the  multitude  of  joint 
cracks  which  penetrate  both  the  shale  and  sandstone. 

BREA    DEPOSITS. 

The  brea  deposits  in  the  Salt  Lake  field  are  the  most  important  in 
the  Los  Angeles  district.  They  cover  a  considerable  territory  in  sec. 
21.  (See  PL  XXIV,  5.)  A  number  of  years  ago  large  quantities  of 
this  brea  were  removed  and  used  for  paving  purposes,  the  resultant 
depression  filling  up  with  water  and  forming  a  lagoon.  The  brea  is 
largely  the  result  of  the  impregnation  of  porous  sand  and  soil  by  oil 
oozing  up  from  below.  That  the  process  is  still  going  on  is  evidenced 
by  the  heavy  oil  which  may  be  seen  oozing  from  the  banks  of  the 
lagoon  and  of  several  other  brea  pits  in  the  vicinity.  Large  quanti- 
ties of  gas  are  also  escaping  in  the  same  region,  as  is  shown  by  the 
intermittent  streams  of  bubbles  which  rise  to  the  surface  of  the  water 
in  the  lagoon  and  other  depressions  thereabouts.  (See  PI.  XXIV,  J?.) 
The  logs  of  several  wells  indicate  that  brea  occurs  in  the  basal  Pleisto- 
cene beds  over  a  considerable  territory  contiguous  to  the  lagoon 
where  it  is  invisible  on  the  surface.  The  formation  of  brea  over  an 
area  relatively  so  large  implies  the  escape  of  vast  quantities  of  oil 
from  the  underlying  Tertiary  beds.  This  escape  of  the  oil  and  gas  is 
probably  made  possible  by  the  fractured  condition  of  the  rocks.  On 
the  evidence  offered  by  the  great  brea  deposits  and  the  large  quanti- 
ties of  escaping  oil  and  gas  in  the  region  of  the  lagoon  the  theory  is 
advanced  that  considerable  fracturing  has  accompanied  the  forma- 
tion of  the  Salt  Lake  flexure. 

GEOLOGY   OF   THE    WELLS. 

For  the  convenience  of  discussion  of  the  underground  geology,  the 
Salt  Lake  field  will  be  divided  into  two  parts  by  a  hypothetical  line 
running  in  a  general  northeast-southwest  direction  through  the 
lagoon  and  coinciding  in  a  general  way  with  the  axis  of  the  supposed 
Salt  Lake  flexure.  The  area  to  the  northwest  of  this  line  contains 
most  of  the  productive  wells,  and  there  are  no  important  producing 
wells  in  the  area  southeast  of  the  line. 

AREA   NORTH  AND  NORTHWEST   OP  THE   LAGOON. 

In  the  area  north  and  northwest  of  the  lagoon  the  wells  for  the  first 
50  to  100  feet  penetrate  alluvium  and  Pleistocene  clay,  coarse  sand, 
and  gravel — the  mantle  of  the  older  formations.  The  Pleistocene 
beds  usually  carry  two  water-bearing  layers,  one  at  a  depth  of  20  to 
30  feet,  the  other  (which  appears  to  lie  at  the  base  of  the  formation) 
at  50  to  100  feet  from  the  siuface.     In  some  of  the  wells  the  lower 
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layer  is  highly  charged  with  sulphur  and  other  minerals,  which  are 
probably  derived  from  the  underlying  shale.  These  surface  waters 
are  usually  shut  oflF  in  the  sandy  or  clayey  shale  at  depths  of  about 
150  feet.  Brea  and  heavy  oil  are  also  occasionally  encountered  at 
the  base  of  the  Pleistocene,  having  accumulated  at  the  top  of  loc^l 
fracture  zones  which  penetrate  the  underlying  oil-bearing  strata.  In 
fact  in  some  parts  of  the  field,  especially  in  the  vicinity  of  the  sup- 
posed flexure,  oil  appears  to  impregnate  the  soil  and  rocks  ^*from  the 
grass  roots  down.'^ 

From  the  base  of  the  Pleistocene  to  the  first  important  oil  sand, 
which  is  struck  at  1,000  to  3,000  feet,  the  rocks  penetrated  are  essen- 
tially clayey  and  sandy  shale  (the  latter  known  locally  as  ** adobe") 
interbedded  toward  the  base  with  a  few  1-  to  5-foot  layers  of  hard 
siliceous  or  calcareous  shale  (the  ** shell"  of  the  drillers).  The  great 
bulk  of  this  shale  probably  belongs  to  the  Fernando  formation.  The 
sandy  and  clayey  f  acies  of  the  shale  appear  to  grade  into  each  other 
both  laterally  and  vertically,  so  that  the  personal  equation  of  the 
driller  enters  largely  into  their  differentiation.  Gravel  and  coarse- 
sand  lenses  are  also  encountered  in  some  of  the  wells,  but  these  are 
usually  only  local  in  extent  and  of  Httle  importance. 

Gas  and  oil,  increasing  in  quantity  downward,  are  found  in  many  of 
the  beds  of  the  formation,  the  most  important  accumulations  occur- 
ring as  a  rule  just  beneath  the  hard,  impervious  *' shell"  layers. 
Some  of  these  gas  accumulations  or  pockets  are  confined  under  great 
pressure  and  when  penetrated  by  the  drill  have  been  known  to  clean 
out  the  well  with  considerable  force.  The  shale  beds  near  the  flexure 
or  anticline  appear  to  be  more  petroliferous  than  the  same  layers 
farther  away,  to  the  northwest  of  the  flexure.  This  is  doubtless  due 
to  the  more  or  less  fractured  condition  of  the  rocks  in  the  vicinity  of 
the  disturbance,  which  allows  the  oil  and  gas  to  penetrate  many  of 
the  beds  of  the  shale  which  otherwise  would  be  impervious.  A  per- 
sistent stratum  of  salt  water  occurs  beneath  a  *' shell"  layer  at  about 
950  to  1,000  feet  above  the  top  of  the  first  important  oil  sand  in  the 
area  northwest  of  the  flexure,  but  does  not  appear  in  any  of  the  wells 
southeast  of  it.  (See  fig.  17.)  Salt  watesr  is  also  encountered  in  some 
of  the  wells  at  horizons  150  to  200  feet  and  650  feet  above  the  oil  zone. 

The  oil  zone  proper  varies  in  thickness  from  150  to  500  feet  and 
consists  of  fine  to  coarse  sand  interstratified  with  clayey  shale  and 
"  shell."  The  logs  of  a  few  wells  near  the  flexure  show  no  well-defined 
oil  sand,  but  rather  a  series  of  thin  productive  sands  interbedded  with 
clayey  and  sandy  shales.  Whether  the  sand  occurs  as  persistent 
layers  or  as  lenses  is  problematical,  although  from  the  evidence  in 
hand  it  appears  highly  probable  that  it  is  present  in  both  forms 
within  the  area  under  discussion.  It  is  known,  however,  that  tlie 
uppermost  important  oil  sand  in  the  wells  over  a  large  part  of  the 
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area  northwest  of 
The  sands  beneath 


the  flexure  appears  to  occupy  the  same  horizon, 
the  uppermost  persistent  layer  vary  somewhat  in 
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thickness  and  composition  in  the  diflFerent  wells.  This  is  to  be 
expected,  since  individual  layers  in  surface  outcrops  of  similar  beds  in 
the  Los  Angeles  region  undergo  important  changes  of  thickness  and 
grain  within  remarkably  short  distances.  The  upper  oil  sand  on  the 
northwest  side  of  the  flexure  appears  to  become  less  and  less  impreg- 
nated with  petroleum  as  it  approaches  the  apex  of  the  flexure.  This 
condition  is  probably  due  to  structural  causes,  such  as  the  loss  of  the 
oil  through  fractures,  although  it  may  possibly  be  accounted  for  by  a 
sUght  change  in  the  grain  of  the  sand  near  the  flexure.  The  same 
beds,  however,  continue  to  carry  considerable  quantities  of  gas  as 
they  pass  over  the  line  of  the  disturbance. 

The  "main  sand,"  which  yields  the  bulk  of  the  oil,  is  apparently 
fairly  constant  over  a  large  part  of  the  field.  This  sand  is  approxi- 
mately 100  to  125  feet  thick,  rather  coarse-grained,  and  highly 
impregnated  not  only  with  oil  but  with  gas  also.  The  tapping  of  the 
main  sand  usually  results  in  the  production  of  a  "gusher,"  owing  to 
.  the  great  pressure  under  which  the  gas  is  confined.  The  retention  of 
the  oil  and  gas  in  this  sand  is  due  to  the  presence  of  an  overlying 
bed  of  impervious  "shell,"  capped  by  50  feet  or  more  of  hard  clayey 
shale.  The  gravity  of  the  oil  in  the  same  stratum  is  said  to  be  differ- 
ent at  different  points  down  the  dip.  An  illustration  of  this  is  found 
in  a  series  of  four  wells  running  across  the  strike  of  the  oil  sand  in  the 
northern  part  of  the  field.  The  well  highest  up  on  the  dip  yields  14® 
oil;  the  next  lower  down,  about  150  feet  from  the  first,  15*^;  the  third, 
150  feet  from  the  second,  16°;  and  the  fourth,  or  lowest  of  the  series, 
100  feet  from  the  third,  17°. 

The  two  following  well  sections,  one  near  the  flexure,  the  other 
farther  awav  and  down  the  dip  from  it,  are  typical  of  the  Salt  Lake 
field: 

Typical  well  log  near  the  flexure,  on  its  northwestern  flank,  Salt  Lakefltld. 
[Elevation  about  225  feet;  dip  of  strata  approximately  40<*.] 


Clay 

Sand  and  gravel 

Heaving  sand;  first  water  cased  off  at  110  feet 

Clayev  shale 

"Adobe"  (sandy  shale) 

"Adobe,"  with  salt  water  at  base 

Clayey  shale;  2-foot  "shell"  at  275  feet 

Clayey  shale;  no  water 

Clayey  shale;  4-foot  "shell "  at  398  feet 

Clayey  shale 

"Adobe"  and  clayey  shale 

Sticky  "adobe" 

Coarse  gravel  and  "adobe" 

"Adobe;"  4-foot  "shell"  at  C32  feet 

"Adobe;"  last  10  feet  very  sticky 

Clayey  shale.  4-foot  shell  at  701  feet 

"Adobe;"  "shell "  at  785  feet 

Sticky  "adobe;"  second  water  shut  off  temporarily. 
"Adobe;"  considerable  water 


I  Thick- '  ru.^^^ 
n««-     I>«Pth. 


Feet.   ;    FeH, 


36 

36 

24 

60 

30  i           90 

70 

160 

90 

250 

12 

262 

13 

275 

85 

360 

38 

398 

47 

445 

41 

486 

19 

505 

21 

S26 

106 

633 

40 

672 

29 

701 

94 

795 

5 

800 

118 

91S 
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Typical  well  log  near  the  flexure ^  on  its  northwestern  flank^  Salt  Lake  field— Continued. 


"Adobe;"  layer  of  soft  clayey  shale  at  960  feet 

"Adobe" 

"Adobe"  and  small  streaks  of  white  sand;  some  water 

"Adobe;"  some  clayey  shale  and  sand;  *  'shell"  at  1,040  feet 

Fair  showing  of  oil  In  "adobe;"  small  "shell"  at  1.076  feet 

Sandy  shale;  good  showing  of  oil  between  1,070  and  1,080  feet 

Shale;  much  ras*  oil  still  coming  in 

Sand  and  shaie;  lots  of  oil 

Shale  carrying  much  oil 

Shale  and  oU  sand  mixed:  much  gas  and  oil 

Same  formation;  gas  ana  oil 

Broken  shale  formation;  considerable  oil 

Shale  and  oil  sand*  concdderable  oil 

Shale;  gas  increasing:  oil 

Shale  and  "adobe:"  lots  of  oil 

Shale;  considerable  oil 

Passed  through  pulverized  slate  from  1,310  to  1,315  feet,  light  oil  showing  under  this . . 

Shale;  oil  still  coming  in 

Gray  shale;  gas  strong 

Shale  containing  oil;  pocket  of  gas  at  1,340  feet 

Shale 

"Adobe;"  considerable  gas 

"Adobe*"  oil  coming  up  on  bit;  gas  flow  heavy;  well  flUed  for  400  feet  with  mud.water, 
and  oU 

Big  fiow  of  gas-  filled  pipe  140  feet;  good  showing  of  oil 

Light-colored  shale;  no  mud  and  no  oil 

L^t  oil;  large  amount  of  gas;  well  filling  rapidly  with  oil  wltnin  100  feet  of  top;  large 
''shell"  at  1,495  feet,  under  this  the  heavy  now  of  gas  and  oil;  another  shell  at  1,505 
feet 

Well  full  of  oil,  commenced  flowing;  continues  In  oil  sand 

Struck  shell;  bottom  of  well;  gushed  to  top  of  derrick;  big  flow  at  1,495  feet 


Feet. 
42 
22 
40 
29 
25 
24 
10 
22 
40 
44 
9 
5 
20 
18 
28 
12 
11 
19 
4 
5 
39 
19 

5 
34 
54 


Feet. 

9eo 

982 
1,022 
1,051 
1,076 
1,100 
.  1,110 
1,132 
1,172 
1,216 
1,225 
1,230 
1,250 
1,268 
1,296 
1,308 
1,319 
1,338 
1,342 
1,347 
1,386 
1,405 

1.410 
1,444 
1,496 


1,510 
1,524 
1,541 


Oil  7.one,  490-t-  feet  (1,051  to  1,541+);  thickness  of  producing  sands,  347+  feet. 

Typical  well  log  1,600  feet  northwest  of  the  flexwre,  Salt  LaJeefiM. 
[Rlevation  about  200  feet.] 


Allovium,  clay,  and  sand;  water  at  28  feet,  sulphur  water  at  49  feet 

••  Adobe  "  or  sandy  shale 

Hard  "shell;"  salt  water  under  "shell" 

Clayey  shale;  1  to  6  foot  "shell "  layers  every  25  to  50  feet 

Hard  "shell;"  salt  water  under  "shell" 

"  Adobe  " 

Tar  sand 

"  Adobe  "  with  occasional  clayey  shale  layers 

Oil  sand , 

Clayey  shale * 

Oil  sand 

Clayey  shale 

OUsand 

Clayey  shale 

Oil  sand 

Tough  brown  clay 

Oil  sand 

Clajrey  shale 

OU  sand 

Clayey  shale 

Oil  sand  (main  sand) 

Barren  white  sand 

Sand  with  warm  salt  water  and  some  11°  oil 


TnicK- 
ness. 

Depth. 

Feet. 

Feet. 

50 

50 

750 

800 

3 

803 

297 

1,100 

2 

1,102 

163 

1,265 

5 

1,270 

470 

1,740 

20 

1,760 

30 

1,790 

10 

1,800 

20 

1,820 

20 

1,840 

2 

1,842 

123 

1,965 

10 

1,975 

25 

2,000 

10 

2,010 

10 

2,020 

86 

2,106 

129 

2,235 

150 

2,385 

10+ 

2,395+ 

Oil  £one,  495  feet  (1,740  to  2, 235) ;  thickness  of  producing  sands,  337  feet. 

AREA  SOUTH  AND  SOUTHEAST  OP  THE  LAGOON. 

The  underground  geology  in  the  area  south  and  southeast  of  the 
lagoon  is  similar  only  in  a  very  general  way  to  that  of  the  area  to 
the  north.     The  dip  of  the  strata  is  probably  toward  the  south  or 
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southeast,  although  there  are  some  indications  of  steep  northerly 
dips  immediately  southeast  of  the  lagoon.  The  superficial  or  Pleis- 
tocene deposits  become  thicker  and  coarser  toward  the  southeast, 
those  in  the  SE.  J  sec.  28  attaining  a  thickness  of  190  feet  and  con- 
sisting of  clay  in  the  upper  20  feet  and  sand  and  gravel  in  the  lower 
portion.  Deposits  of  asphaltum  appear  to  be  common  at  the  base 
of  the  Pleistocene,  and  in  at  least  one  of  the  wells  heavy  oil  was 
encountered  not  far  below  the  middle  of  the  formation.  (See  fig. 
17.)  Water  is  usually  found  in  these  superficial  beds,  as  in  the  area 
north  of  the  lagoon. 

From  the  base  of  the  Pleistocene  down  to  the  bottom  of  the  deepest 
wells  the  rocks  appear  to  be  largely  clayey  shale,  interbedded  at 
varying  intervals  with  hard  "shelF'  layers.  Some  sandy  beds  and 
a  few  pebbly  lenses  are  also  encountered  in  drilling.  Indications 
of  oil  are  abundant  throughout  certain  horizons  of  the  shale,  but  no 
really  important  productive  sands  have  yet  been  found  in  the  area. 
The  wells  near  the  lagoon  on  the  south  strike  moderately  productive 
sands  between  700  and  1,000  feet,  while  those  somewhat  farther 
away  get  good  showings  of  oil  at  less  depths.  In  the  territory  a  mile 
or  so  southeast  of  the  lagoon  the  shale  contains  here  and  there  thin 
oil-bearing  strata  beneath  the  ''shell'^  beds  from  400  feet  down,  but 
nothing  approaching  a  pay  sand  has  been  reached  here.  Salt  water 
is  reported  as  very  troublesome  below  a  depth  of  about  500  feet  in 
this  last  locality.  It  is  also  found  in  most  of  the  other  wells  of  the 
southern  area.  The  wells  near  the  lagoon  usually  yield  flowing 
water. 

The  three  following  logs  are  characteristic  of  their  resi>ective 
localities. 

Log  of  well  near  the  middle  of  the  north  line  of  sec.  28,  T.  1  S.,  R.  I4  W.  {immediaUly 
southeast  of  the  lagoon)  y  Salt  Lake  field. 

LElevatioD.  175  feet.] 


Alluvium  and  clay 

•Dead"  oil  sand  and  water. 


Clayey  shale;  occasional  layers  of  hard   "shell"  averaging  2  feet  In  thickness  and 

in  places  contining  small  quantities  of  oil  and  gas  beneatn  them 

Gooa  oil  sand  flowing  1  barrel  per  day 

Clayey  shale  similar  to  that  from  80  to  700  feet 

Clayey  shale,  but  no  oil  sand  or  signs  of  oil  in  it 


iThick- 
1  nesa. 

Depth. 

!    Feet. 
40 
40 

Fret. 
40 
80 

620 

5 

765 

i        730 

TOO 

705 

1,470 

2,200 
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Log  of  well  in  the  eastern  paH  of  the  SE.  i  sec.  S^8,  T.  1  S.,  R.IJ^W.  (1  mile  southeast  of  the 

lagoon),  Salt  Lake  field. 

[Elevation,  180  feet;  dip  approximately  20**.] 


"Adobe" 

Sand  and  a  little  heavy  oil  (asphaltum) . 
Quicksand. 


?r-   Depth. 


Blue  clayey  shale 

Hard  "shell";  blue  limestone. 

Blue  clayey  shale 

Hard  "shell";  blue  limestone . 

Blue  clayey  shale 

Hard  "sneil";  blue  limestone. 

Blue  clayey  shale 

"  River"  sand;  some  oil. 


Clavev  shale 

"River"  sand  having  excellent  quality  but  small  quantity  of  light  oil. 


Clayey  shale. 

Hard  shell;  blue  limestone. 

Clayey  shale 


Feet, 

28 

100 

45 

127 

4 

226 

4 

166 

6 

229 

6 

300 

5 

55 

15 

81 


Feet. 

28 

128 

173 

300 

304 

530 

534 

700 

706 

935 

940 

1,240 

1,245 

1,300 

1,315 

1,396 


Log  of  well  in  the  western  part  ofiheNW.  {  sec.  2S,  T.  1  S.,  R.  J  4  W.  (/  mile  south-southr- 
west  of  the  lagoon),  Salt  Lake  field. 


Sandy  clay 

W  ater  sand  containing  heavy  oil  (asphaltum) 

Heaving  sand  (gas);  little  water;    no  oil;  carries  considerable  qudntities  of  pebbles.. 

Blue  clayey  shale  interhodded  with  beds  of  sand  and  pebbles  1  foot  or  so  in  thickness 

carrying  oil;  richest  horizon  at  about  700  feet 


Thick- 
ness. 


Depth. 


Feel.   ' 

90 

90 

325 

358 


Feet. 
90 
180 
505 

863 


STRUCTURE. 

Owing  to  the  almost  complete  absence  of  surface  evidence  in  the 
immediate  vicinity,  the  determination  of  the  local  structure  in  the 
Salt  Lake  field  depends  largely  on  the  interpretation  of  the  well  logs. 
Unfortunately,  not  all  of  these  were  available  at  the  time  of  the 
writer's  visit  to  the  field,  so  that  the  conclusions  reached,  although 
probably  correct  in  the  main,  lack  that  detail  and  definiteness  which 
is  so  desirable  in  an  economic  report  of  this  sort. 

The  strictly  local  structure  of  the  field  under  discussion  will  be 
more  fully  comprehended  if  its  relation  to  the  general  structure  of  the 
Los  Angeles  district  as  a  whole  is  again  briefly  outlined.  Practically 
all  the  productive  oil  sands  of  the  difl'erent  Los  Angeles  fields  lie  on  the 
southern  limb  of  a  flexure,  usually  a  more  or  less  well-defined  anti- 
cline, whose  axis  extends  in  a  westerly  direction  to  the  region  approx- 
imately half  a  mile  north  of  Westlake  Park,  where  it  bends  about  20^ 
to  the  north  and  extends  to  a  point  about  three-fourths  of  a  mile 
southeast  of  Colegrove  and  something  over  a  mile  northeast  of  the 
Salt  Lake  field.  Here  it  appears  to  bend  again  to  the  north,  probably 
trending  about  N.  60°  W.     In  the  Los  Angeles  city  fields,  that  is, 


Digitized  by  VjOOQIC 


194  OIL   DISTRICTS    OF   SOUTHERN    CALIFORNIA. 

between  the  Catholic  Cemetery  and  the  Westlake  Park  region,  the 
southern  limb  of  the  flexure  dips  normally  at  angles  varying  from  30° 
to  80°,  while  to  the  west,  along  that  portion  having  a  northwesterly 
trend,  the  dips  flatten  to  20°  or  25°.  The  Salt  Lake  oil  field  is  located 
on  the  northwestern  flank  of  a  minor,  but  probably  somewhat  complex 
fold  or  fault,  or  both,  developed  on  the  comparatively  low-dipping 
southwestern  limb  of  the  major  flexure  just  described.  The  dip  of 
this  flank  of  the  local  fold  is  reflected  in  a  general  way  by  the  surface 
slope,  which  descends  gently  from  the  region  of  the  present  productive 
field  northwestward  toward  Sherman.  This  slope  probably  indicates 
a  Pleistocene  or  post-Pleistocene  orogenic  movement  similar  to  but 
apparently  of  much  less  magnitude  than  that  which  produced  the 
original  flexure. 

The  exact  nature  of  the  local  flexure  is  not  known,  but  it  is  probably 
an  anticline,  more  or  less  complicated  by  faults  near  the  apex.  Its 
axis  extends  in  a  general  northeast-southwest  direction.  The  logs 
of  certain  wells  located  southeast  of  the  lagoon  appear  to  indicate  the 
presence  of  a  minor  anticline  developed  just  south  of  the  main  flexiu^ 
and  separated  from  it  by  a  fault.  Still  other  evidence  suggests  a 
local  dome-shaped  structure,  or  quaquaversal,  having  its  simimit  in 
the  region  of  the  lagoon.  The  length  of  the  Salt  Lake  flexure  is 
unknown,  although  the  available  data  seem  to  indicate  its  extension 
at  least  from  a  point  near  the  center  of  the  SE.  J  sec  15,  T.  1  S.,  R.  14 
W.,  as  far  as  the  lagoon  in  the  SW.  \  sec.  21.  Whether  or  not  it  con- 
tinues farther  to  the  southwest  is  problematical. 

The  large  accumulations  of  brea  in  the  immediate  vicinity  of  the 
lagoon  and  to  the  north  and  northwest  of  it,  in  addition  to  the  con- 
stantly exuding  oil  and  escaping  gas  over  the  same  area,  indicate  some 
sort  of  a  profound  local  disturbance  or  fracture  in  the  underlying  beds. 
If  this  disturbance  has  an  extensive  longitudinal  dimension  m  a 
northwesterly  direction  from  the  lagoon,  as  some  of  the  evidence  sug- 
gests, then  it  may  possibly  cut  off  the  Salt  Lake  flexure  from  a  south- 
westerly extension  beyond  the  lagoon.  If,  however,  the  structure  in 
the  vicinity  of  the  lagoon  is  a  local  bulge  or  dome  in  the  underlying 
beds  it  is  quite  likely  that  the  Salt  Lake  flexure  may  have  a  consider- 
able southwestern  prolongation. 

The  contour  lines  on  the  map  of  the  Los  Angeles  field  (PI.  XIX) 
and  the  section  shown  in  PI.  XX,  A-B,  and  in  fig.  17  illustrate  the 
writer's  ideas  concerning  the  local  folds.  From  the  map  it  will  be 
seen  that  the  strike  of  the  oil  sand  probably  swings  around  from  a 
nearly  east-west  line  in  the  region  north  of  the  lagoon  to  a  direction 
slightly  west  of  north  in  the  NE.  J  sec.  21.  The  dip  of  the  sand  in  the 
region  about  the  center  of  sec.  21  does  not  appear  to  be  much  more 
than  10°  or  15°,  but  it  increases  rapidly  in  steepness  toward  the 
southeast  up  the  nse  and  probably  also  toward  the  northwest,  or 
down  the  dip. 
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The  region  immediately  southeast  of  the  Salt  Lake  flexure,  although 
supporting  some  small  producing  welb — one  of  which  attains  a  depth 
of  nearly  3,000  feet — does  not  compare  in  productiveness  with  the 
territory  to  the  northwest.  This  condition  may  be  explained  on  sev- 
eral hypotheses,  the  two  most  probable  being  either  (a)  that  the  Salt 
Lake  flexure  is  accompanied  by  a  fault  which  has  dropped  the  pro- 
ductive sands  on  the  southeast  down  out  of  reach  of  the  drill,  or 
raised  them  up  to  such  an  elevation  that  they  were  eroded  away  in  a 
period  subsequent  to  the  faulting,  or  (b)  that  the  continuation  of  the 
productive  beds  passes  over  the  flexure  (in  this  case  an  anticline)  and 
down  on  the  southeastern  flank,  but  under  conditions  unsuited  to  the 
accumulation  of  oil  in  large  quantities.  The  second  hypothesis  is 
represented  diagrammatically  by  fig.  17. 

Faulting  may  be  responsible  for  the  cutting  off  of  the  upper  oil 
sands  immediately  to  the  northwest  of  the  axis  of  the  flexure.  If  this 
be  true  it  seems  likely  that  the  oil  sand  at  the  apex,  which  in  fig.  17 
is  correlated  with  the  main  oil  sand  of  the  productive  field,  should  be 
correlated  with  the  uppermost  sands  northwest  of  the  fold.  In  this 
case  the  fault  would  have  a  downthrow  of  about  260  feet  on  the 
southeast. 

DEVELOPMENT. 

There  are  at  present  (February,  1906)  between  75  and  80  produc- 
tive or  drilling  wells  in  the  Salt  Lake  field,  belonging  to  the  following 
companies:  Salt  Lake  Oil  Company,  about  50  or  55;  Arcturus  Oil 
Company,  9;  Utah  Oil  Company,  1  (these  three  companies  con- 
trolled by  the  Associated  Oil  Company);  A.  F.  Gilmore,  4;  Pacific 
Light  and  Power  Company,  4;  E.  P.  Clark  Oil  Company,  7.  In  addi- 
tion to  the  wells  mentioned  above,  there  are  several  comparatively 
small  producers,  belonging  to  the  last-named  company.  These  are 
located  near  the  northern  half  of  the  line  separating  sees.  28  and  29, 
and  are  pumped  intermittently.  The  wells  north  of  the  Salt  Lake 
flexure  vary  from  1,200  feet  to  over  3,100  feet  in  depth,  the  deeper 
wells  being  as  a  rule  the  more  productive  and  yielding  the  lighter  oil. 
The  individual  wells  produce  from  20  to  over  1,000  barrels  a  day,  the 
average  being  about  100  barrels.  Owing  to  the  tremendous  gas  pres- 
sure nearly  all  the  wells  *'gush''  when  they  first  come  in,  and  it  is  said 
that  one  of  the  deep  wells  produced  about  18,000  barrels  a  day  for  a 
short  time  after  its  inception.  The  gravity  of  the  oil  varies  from  11° 
to  22°,  the  heaviest  oil  coming,  it  is  said,  from  an  isolated  sand  below 
the  main  productive  zone.  The  average  for  the  field  is  between  16° 
and  18°. 

The  large  quantity  of  gas  which  comes  from  the  wells  is  used  mainly 
for  the  generation  of  power  for  operating  and  development,  although 
a  small  amount  is  used  in  the  field  for  domestic  purposes. 
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CONCIiUSIONS  CONCERNING  FUTURE  BEVEIiOPMENT. 

Anyone  at  all  famiUar  with  the  conditions  of  occurrence  of  petro- 
leum in  the  California  fields  knows  that  any  but  the  most  tentative 
predictions  as  to  the  location  of  the  oil  are  extremely  hazardous. 
The  following  conclusions,  based  on  the  evidence  in  hand,  although 
lacking  definiteness  for  obvious  reasons,  may  be  of  some  assistance 
to  those  carrying  on  development  in  the  Los  Angeles  fields. 

CITY   FIELDS. 

All  of  the  evidence,  both  geologic  and  that  obtained  by  exploita- 
tion, indicates  that  the  productive  territory  in  the  region  of  the 
eastern,  central,  and  western  fields  has  been  largely  developed,  in 
fact  overdeveloped,  for  the  most  part.  It  is  very  improbable,  therefore, 
that  prospecting  outside  of  the  already  proved  productive  area, 
either  immediately  north  or  south  of  the  oil  belt,  would  result  in 
success. 

EAST   OF   LOS   ANGELES   RIVER. 

Certain  outcropping  oil  sands  in  the  ravine  occupied  by  the  old 
Rapid  Transit  Railroad  track  indicate  that  oil-bearing  strata  under- 
lie the  region  east  of  Los  Angeles  River  and  south  of  this  ravine. 
A  number  of  wells  have  been  sunk  in  this  territory,  however,  and 
the  greatest  recorded  production  has  been  that  of  the  Scott  &  Loftus 
well  No.  1,  which  is  said  to  have  yielded  7  barrels  of  17®  B.  oil  per 
day.*  It  is  to  be  borne  in  mind  that  the  deepest  well  so  far  sunk 
in  this  territory  is  less  than  1,000  feet  deep  and  that  deeper  wells 
farther  down  the  dip  than  those  already  drilled  may  possibly  yield 
better  results,  providing  water  does  not  interfere  with  their  opera- 
tion. 

The  structure  of  the  Fernando  sand  and  gravel  in  the  area  north- 
east of  Brooklyn  Heights  appears  to  be  analogous  to  that  in  certain 
productive  areas  in  the  eastern  field,  as  well  as  in  the  Puente  Hills 
and  Sulphur  Moimtain  (Ventura  County)  fields.  Moreover,  the  areA 
mentioned  is  in  the  same  formation  and  lies  in  the  strike  directly 
between  the  eastern  field  and  the  Whittier  field.  It  does  not  seem 
improbable,  therefore,  that  oil-bearing  strata  underlie  the  area 
here  considered,  although  no  direct  evidence,  such  as  seepages  and 
brea,  are  known  in  the  vicinity. 

Were  the  thick  deposits  of  Pleistocene  and  late  Fernando  sedi- 
ments that  conceal  the  structure  of  the  older  beds  in  the  Raphetto 
Hills  removed,  these  hills  might  be  found  to  offer  a  remunerative 
field  for  exploitation  with  the  drill. 

a  Watts,  W.  L.,  Bull.  California  State  Mining  Bureau,  No.  19, 1900,  p.  73. 
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SOUTHWEST   AND   WEST   OF  LOS   ANGELES. 

It  seems  probable  that  the  productive  zone  of  the  Salt  Lake  field 
extends  northward  and  possibly  a  httle  westward  from  the  territory 
now  developed.  Just  where  the  northern  Umit  is  located  is  prob- 
lematicaly  but  it  is  quite  certain  that  it  is  considerably  south  of  the 
base  of  the  Santa  Monica  Mountains.  Within  this  northern  exten- 
sion the  beds  in  general  dip  to  the  west,  and  for  this  reason  the  most 
productive  area  will  doubtless  be  found  west  of  La  Brea  road.  East 
of  this  road  the  oil  sands  approach  the^  surface  and  consequently 
yield  smaller  quantities  and  heavier  oil  than  the  same  beds  farther 
down  the  dip. 

The  region  southeast  of  the  Salt  Lake  flexure,  as  shown  by- several 
wells,  does  not  appear  to  offer  many  inducements  for  exploitation, 
at  least  in  the  immediate  vicinity  of  the  Salt  Lake  field.  Farther 
east,  however,  in  the  region  west  and  southwest  of  Westlake  Park, 
should  deep  wells  strike  a  local  flexure  similar  to  that  in  the 
Salt  Lake  field  they  would  doubtless  yield  large  quantities  of  oil 
and  gas.  If  the  disturbance  or  fracture  already  mentioned  as  occur- 
ring in  the  vicinity  of  the  lagoon  does  not  have  a  northwestern  exten- 
sion, terminating  the  Salt  Lake  flexure  and  the  productive  zone  on 
its  northwestern  flank,  then  it  appears  highly  probable  that  deep  wells 
will  strike  productive  sand  in  the  southern  part  of  section  20  and 
the  northern  part  of  sections  29  and  30,  T.  1  S.,  R.  14  W. 

Outside  of  the  territory  mentioned  in  the  preceding  paragraphs 
there  is  little  or  no  evidence  of  remunerative  oil  deposits  in  the 
immediate  vicinity  of  Los  Angeles.  Were  it  not  for  the  great  thick- 
ness of  Pleistocene  sand  and  gravel,  which  cover  the  great  Los  Angeles 
Plain  from  the  Santa  Monica  Mountains  and  Raphetto  Hills  to  the 
ocean,  it  would  be  more  than  likely  that  productive  territory  could  be 
deTelc^>ed  over  this  plain.  At  least  it  is  almost  certain  that  the  oil- 
bearing  strata  underlie  it,  but  whether  or  not  the  structural  con- 
ditions are  at  any  place  conducive  to  the  accumulation  of  gas  or 
oil  in  paying  quantities  can  be  determined  only  by  costly  exploita- 
tion with  the  drill. 

Bull.  309-07 14 
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PROBTJCTION. 


Owing  to  the  large  number  of  independent  companies  operating 
in  the  Los  Angeles  district,  it  has  been  impossible  to  obtain  even 
approximately  complete  data  concerning  the  annual  production. 
However,  the  following  figures  derived  from  various  sources  are  prob- 
ably as  nearly  correct  as  any  that  are  available: 

Approximate  production  of  petroleum  in  Los  Angeles  district,  1896  to  1905,  indusive. 


Date. 

Field. 

Prodno- 
tlon. 

1805a 

Central 

Barrels. 
729,  OK 
900,000 
1,072,000 
1,168,000 
1,032,096 
1,500.000 
2,500.000 
3,074,000 
2,468,000 
1,199,850 
2,672,349 

Ig966 

do 

1897c 

Largely  from  central 

1808c  

About  50  per  cent  central,  60  per  cent  eastern 

1899c r 

43  per  cent  central,  30  per  cent  eastern,  27  per  cent  western 

igooft 

Central,  eastern,  and  western 

19016 

do 

1902rf ...   .  . 

Central,  eastern,  western,  and  Salt  Lake 

1903** 

do 

1904c 

.do      .                 

1905c 

do 

18,315,930 

a  Watts,  W.  L.,  Bull.  California  State  Mining  Bureau  No.  19, 1897,  p.  21. 
ft  Estimated  by  the  writer. 

c  Watts,  W.  L.,  Bull.  California  State  Mining  Bureau  No.  19, 1900,  p.  63. 

d  Estimate  of  central,  eastern,  and  western  fields  by  Charles  A.  Blackmar,  dty  oil  inspector;  Salt 
Lake  field  estimated  by  the  writer. 
^  Statistics  compiled  by  division  of  mining  and  mineral  resources,  U.  S.  Qeologicai  Surrey. 

STORAGE. 

The  storage  facilities  of  the  eastern,  central,  and  western  fields  are 
largely  confined  to  wooden  tanks  in  the  producing  territory.  Many 
of  these  are  small,  so  that  as  a  rule  the  operators  are  unable  to  hold 
their  product  for  any  considerable  length  of  time.  The  storage  capac- 
ity of  the  refineries  in  the  city  is  also  small,  few  of  the  individual 
refineries  having  a  capacity  of  over  25,000  barrels. 

The  storage  capacity  of  the  Salt  Lake  field,  on  the  contrary,  is 
about  390,000  barrels.  Steel  tanks,  holding  20,000  to  55,000  barrels, 
are  largely  used  in  this  field,  although  smaller  wooden  tanks  are 
employed  in  a  few  instances. 

TRANSPORTATION. 

The  oil  from  the  city  fields  is  in  large  part  used  locally,  being  deliv- 
ered in  tank  wagons.  No  pipe  lines  of  any  great  length  exist  in  the 
city.  The  largest  is  the  Union  Oil  Company's  line,  from  First  street 
and  Lake  Shore  avenue,  in  the  central  field,  to  the  Southern  Pacific 
Railroad  at  Palmetto  and  San  Mateo  streets,  a  distance  of  about  4 
miles.«  An  8-inch  pipe  line  connects  the  Salt  Lake  field  directly  with 
Los  Angeles,  and  smaller  lines  rim  from  some  of  the  properties  to 
tanks  and  racks  on  the  line  of  the  Los  Angeles  Pacific  Electric  Rail- 
road immediately  south  of  the  fields. 

o  Watts,  W.  L.,  Bull.  California  State  Mining  Bureau  No.  11, 1900,  p.  160. 
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PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  SOUTH- 
ERN CALIFORNIA  OILS. 


Compiled  by  Ralph  Arnold. 


INTRODUCTION. 

The  United  States  Geological  Survey  has  done  very  little  in  deter- 
mining the  properties  and  composition  of  the  California  oils,  and  the 
information  here  given  is  compiled  from  published  reports  or  the 
work  of  private  individuals.  By  far  the  greater  part  of  the  analyses 
were  made  by  members  of  the  scientific  staff  of  the  California  State 
Mining  Bureau  and  are  published  in  bulletins  Nos.  3,  11,  19,  31,  and 
32  of  that  bureau.  The  writer  is  largely  indebted  for  data  to  Messrs. 
W.  L.  Watts,  Frederick  Salathd,  H.  N.  Cooper,  and  Paul  W.  Prutz- 
man.     (See  bibliography  for  list  of  papers,  etc.) 

GEN>:RAL.   CHARACTEB   op  the    southern   CAIilFORNIA 

OIL.S. 

GRAVITY. 

The  gravity  of  the  oH  from  the  wells  in  the  Santa  Clara  Valley,  Los 
Angeles,  and  Puente  Hills  districts  varies  from  10®  to  over  50®  B. 
The  heaviest  oils  are  found  in  the  Los  Angeles  field;  the  lightest  oil 
is  that  from  the  unique  wells  in  the  gneiss  of  Placenta  Canyon,  east 
of  Newhall.  Certain  wells  in  the  Miocene  shale  of  the  Puente  and 
Olinda  fields  (Puente  Hills  district)  and  the  fields  south  of  Sulphur 
and  San  Cayetano  mountains  (Santa  Clara  Valley  district)  yield  oil 
of  30®  to  35®  gravity,  while  that  in  some  of  the  wells  in  the  Pico  field 
(Santa  Clara  Valley  district)  is  said  to  go  as  high  as  40®.  The  greater 
part  of  the  production  from  southern  California,  however,  is  oil  vary- 
ing from  18®  to  24®. 

COLOR. 

The  crude  oils  from  these  districts  are  mostly  black  or  brownish  in 
color.  The  exceptions  are  the  white  oil  of  the  Placenta  Canyon  wells, 
Santa  Clara  Valley  district,  and  the  greenish,  light-gravity  oils  of  the 
Sulphur  Mountain  and  Pico  Canyon  fields,  Santa  Clara  Valley  dis- 
trict, and  the  Puente  and  Olinda  fields,  Puente  Hills  district.  Green- 
ish oil  is  also  reported  in  one  or  two  other  instances. 
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COMPOSITION. 


The  following  table  gives  the  ultimate  chemical  composition  oi 
two  California  oik. and,  for  comparison,  of  oils  from  Pennsylvaniaj 
Ohio,  West  Virginia,  and  Texas: 

Ultimate  composition  of  variotis  crude  oils. 


LocaUty. 

Specific 
gravity. 

Nearest 
degree, 
Baimi6. 

c. 

H. 

0. 

N. 

S. 

By  whom 
analyzed. 

OU  Creek,  Pa.o 

0.730 

fi2 

82.0 

8&0 

84.3 

85.03 

8&034 

84.0 

14.8 

1X8 

14.1 

12.30 

11.817 

12.7 

3.2 

a 

DevUle. 

Ohioft 

60 

aeo 

West  Virginia  o 

.840 

36 

1.6 
0 

r>o. 

Beaumont,  Tex.** 

00. 

1.75 
6*4  " 

California  o 

1.1095 

1.2     1.7 

Peckham. 

California  o  «. .'. 

.912 

23.5 

Salath^. 

o  Watts,  W.  L.,  Bull.  California  State  Mining  Bureau,  No.  19, 1900,  p.  207. 
6  Jour.  Soc.  Chem.  Ind.,  vol.  20,  pp.  161  et  acq. 
«  Mixture  of  Ventura  County  oils. 


FUEL  AND    GAS   MAKING. 

Oil  is  now  lai^ely  used  as  a  fuel  in  California  in  many  places  where 
coal  was  formerly  employed,  and  is,  in  a  measure,  supplanting  that 
commodity.  The  railroads  and  those  electric  lines  not  using  power 
developed  by  water  use  oil  almost  entirely  for  fuel  purposes.  The 
gas  companies  also  use  it  for  the  manufacture  of  gas,  smelters  for  the 
smelting  of  ores,  foundries  for  the  heating  and  melting  of  metals,  and 
other  manufactories  for  nearly  every  purpose  requiring  the  generation 
of  heat. 

Following  \s  an  analysis  of  a  typical  gas-producing  oil  from  the 
Murphy  Oil  Company's  wells,  Whittier  district,  and  an  analysis  of 
the  gas  derived  from  it :  <* 

Results  of  crude  oil  testy  Murphy  Oil  Company. 

Gravity  at  60®  F ^B . .     20. 5 

Moisture  and  nonpetroleum  substances  * None. 

Flash  point,  ft 

Sulphur per  cent. .     0.05 

Residue  (dry  lampbla(*k) do 01 

Analysis  of  the  gas  produced  from  Murphy  Oil  Company^  s  crude  oil. 

[Based  on  the  Lowe  process— 18-candlepower  gas;  1,800  B.  T.  U.] 

Carbonic  acid  (OO^) None. 

Illuminants 11.2 

Oxygen(O) .  .4 

Carbonic  oxide  (CO) 3. 4 

Hydrogen  (H) 40 


Marsh  gaa  (CHJ 41.8 

Nitrogen  (N) 2.8 


9.6 


This  gas  gave  over  600  British  thermal  units  per  cubic  foot, 
took  7.75  gallons  of  crude  oil  to  produce  1,000  cubic  feet  of  gas. 


li 


a  Furnished  by  Mr.  E.  A.  Baoon,  of  the  Murphy  Oil  Company,  Whittier. 

h  OU  stored  in  tank  eight  months.    Flash  point  in  oil  coming  directly  from  well,  in  five  testa,  130^, 
B",  90**,  «2«»,  940. 
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PRODUCTS  OF  REFINERIES. 

Sixteen  refineries  use  the  oil  from  the  three  districts  under  discus- 
sion, and  as  the  natural  product  varies  in  gravity  from  10°  to  35°  or 
40°,  the  resultant  distillates  are  varied.  The  higher-grade  oil  pro- 
duces gasoline,  benzine,  kerosene  ("water  white''),  No.  1  and  No.  2 
distillates,  stove  distillate,  and  a  residuum  of  fuel  and  road  oil. 
The  heavier  oils,  those  under  21°  or  22°,  yield  No.  1  and  No,  2  distil- 
lates, stove  distillate,  lubricating,  fuel,  and  road  oils,  with  a  residuum 
of  asphalt. 

The  No.  1  and  No.  2  distillates  are  used  mostly  in  gas  engines  in 
many  places  for  irrigation  plants.  No.  1  is  suitable  for  engines  under 
15  horsepower;  No.  2  is  best  suited  to  the  larger  engines.  The  stove 
distillate  is  used  in  hotels,  bakeries,  and  similar  places  where  the  fluid 
is  consim[ied  without  steam  pressure,  while  the  regular  fuel  oils  are 
usually  forced  into  the  fire  boxes  by  means  of  special  pressure  burners." 

The  following  is  a  list  of  the  principal  refinery  products,  together 
with  the  range  in  gravity  of  each : 

Refined  products  of  California  petroleum,  b 

°B.  OB. 

Gasoline 68  I  Fuel  distillate 28^24 

Benzine 62  I  Neutral  oils.. 24-22 

Engine  distillate 56-^0  I  Light  lubricants 24-20 

Kerosene 44-^  |  Engine  oils 20-18 

Stove  oil 36-32  !  Cylinder  oils 18-15 

Gas  oil 30-28  !  Crude  lubricants,  car  oil,  etc 17-15 

ANAIiYHES. 

The  following  tables  give,  in  a  condensed  form,  the  results  of  a  lai^e 
number  of  analyses  and  tests  of  oils  from  all  the  pribcipal  fields  in  the 
Santa  Clara  Valley,  Los  Angeles,  and  Puente  Hills  districts.  The 
compiler  wishes  to  reiterate  the  acknowledgment  of  his  indebtedness 
to  the  California  State  Mining  Bureau  for  the  very  free  use  he  has 
made  of  its  publications.  The  text  of  Bulletin  No.  31*^  of  that  bureau, 
is  here  copied  in  its  entirety  to  explain  Table  1  which  is  a  part  of  that 
bulletin. 

If  a  sample  of  ore  containing  gold  and  silver  is  sent  to  an  aasayer  he  wUl  doubtless 
report  practically  the  same  results  as  would  another  assayer  who  had  used  an  entirely 
different  method  of  assaying.  The  same  is  true  of  two  chemists  determining  the  quan- 
tity of  sulphur  in  pyrites,  etc.  But  in  organic  analysis  two  different  methods  may 
vary  as  much  as  10  per  cent,  from  which  it  is  obvious  that  data  on  oil  given  without 
the  methods  by  which  or  the  apparatus  in  which  they  have  been  obtained  are  almost 
useless  and  can  not  be  duplicated  or  proved  correct  by  another  chemist.    For  this 

a  See  PnitHnan,  Paul  \V.,  Bull.  CaUfomia  State  Mining  Bureau  No.  32,  1904,  pp.  58  et  seq. 
h  Prutzman.  Paul  W.,  Bull.  CalUomla  State  Mining  Bureau  No.  32, 1904,  p.  187. 
e  By  n.  N.  Cooper,  1904. 
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reason  it  is  considered  proper  to  give  the  following  description  of  the  methods  by  which 
the  data  in  the  above  table  were  determined. 

Specific  gravity. — Two  pycnometers  were  used,  one  holding  25  c.  c.  and  the  other  1 J 
c.  c,  the  larger  one  for  the  light  oils  and  the  smaller  for  the  heavy  oils.  Both  were 
calibrated  with  pure  distilled  water  and  the  water  content  calculated  to  4°.  A  heavy 
oil  may  be  introduced  into  either  pycnometer  by  first  filling  a  small  beaker  and  allow- 
ing a  very  small  drop  to  fall  into  the  pycnometer.  This  drop  will  carry  with  it  a  thread 
of  oil,  which  may  be  increased  to  a  stream,  and  thus  the  pycnometer  can  be  filled  with- 
out getting  any  air  bubbles  mixed  with  the  oil.  If  the  oil  once  touches  the  side  of  the 
neck  it  is  an  interminable  job  to  fill  the  instrument.  It  would  be  better  to  clean  out 
with  gasoline  and  start  over  again.  If  the  oil  is  too  thick  to  pour,  as  above,  then  use 
the  little  pycnometer,  which  is  nothing  more  than  a  little  bottle  with  a  wide  neck  and 
a  glass  stopper  carefully  ground  in.  The  little  bottle  is  put  next  to  the  lip  of  the  beaker 
containing  the  sample  and  the  oil  allowed  to  drain  in.  If  the  draining  takes  place 
slowly  no  air  will  get  mixed  with  the  oil.  Then  the  stopper  is  slowly  squeezed  in, 
until  by  turning  it,  it  grates  on  the  ground  glass  of  the  bottle.  The  excess  oil  is  wiped 
off  with  a  rag,  without  undue  handling  of  the  bottle  with  the  fingers.  After  weighing, 
the  temperature  is  taken  with  an  accurate  thermometer  and  a  correction  of  0.0006  in 
specific  gravity  made  for  heavy  oils  and  0.0007  for  light  oib  for  each  degree  centigrade 
variation  from  lb° — 15°  being  taken  as  normal. 

Example:  The  little  pycnometer  full  of  sample  No.  31  weighs  6.6195  at  18.5°. 
6.6195  wt.  of  pycnometer  and  oil. 
4.8413  wt.  of  pycnometer. 


1.7782  wt.  of  oil  in  pycnometer. 
1.7782  (wt.  of  oil)  -I- 1.8431  (wt.  of  water)  =  .9648. 
.9648  +  (3J  X  .0006)  =  .9669  sp.  g.  of  No.  31  at  15°. 

This  seems  a  long  process,  but  it  is  quickly  carried  out.  I  made  16  specific-gravity 
determinations  in  four  hours,  or  an  average  of  1  in  fifteen  minutes.  An  error  in  the 
specific  gravity  causes  a  corresponding  error  in  the  distillation  and  also  in  the  calorific 
value  per  c.  c,  and  too  much  care  can  not  be  taken  in  its  determination.  To  take 
the  gravity  of  heavy  oils  by  the  hydrometer  is  as  long  as  this,  and,  moreover,  very  inac- 
curate. On  first  consideration  it  might  seem  that  the  specific  gravity  taken  in  a  little 
bottle  as  small  as  1.5  c.  c.  would  be  inaccurate,  but  I  compared  this  with  the  25  c.  c. 
pycnometer  and  obtained  results  agreeing  to  0.0001  in  specific  gravity,  or  practically 
identical. 

Viscosity. — There  are  many  viscometers,  but  none  of  them  are  ideal.  Nevertheless, 
I  could  not  invent  one  that  would  answer  all  requirements  and  expect  the  public  to 
use  it.  It  takes  time  to  introduce  a  new  idea  or  instrument.  The  Redwood  viscom- 
eter seems  to  me  to  be  the  best  now  on  the  market,  for  the  following  reasons:  It  is  the 
English  standard;  the  tip  is  made  of  agate,  and  so  will  not  wear  out;  the  tip  is  sur- 
rounded by  heavy  brass,  thus  keeping  the  oil  in  the  tip  at  approximately  the  same 
temperature  as  the  oil  in  the  cup. 

In  the  above  data  the  viscosity  has  been  taken  at  two  temperatures — at  15°  C.  (about 
60°  F.)  and  at  85°  C.  (185°  F.).  It  was  taken  at  15°  C.  because  this  is  generally  taken 
as  "ordinary  temperature,"  and  at  85°  C.  because  it  is  impossible  to  heat  the  contents 
of  the  Redwood  viscometer  up  to  100°  C.  (212°  F.)  with  boiling  water,  so  some  lower 
temperature  must  be  chosen.  It  is  easy  to  heat  the  instrument  up  to  85°  C.  (185°  F.), 
and,  moreover,  a  pipe  line  may  be  heated  to  85°  C,  but  with  great  difliculty  higher 
than  this.  Since  our  main  object  in  finding  the  viscosity  is  to  ascertain  whether  the 
oil  can  be  piped  without  too  great  cost  for  pumping,  the  last  consideration  is  important. 
To  see  whether  it  is  practical  to  pass  the  oil  through  pipes  85°  C.  has  been  chosen. 

It  is  customary  to  give  the  results  in  the  number  of  seconds  that  it  takes  50  c.  c.  tonm 
through  the  instrument.    To  compare  this  with  water  (which  runs  through  in  25  see- 
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onds)  the  results  must  be  divided  by  25.  Through  the  instrument  which  I  used  water 
ran  in  27i  seconds.  Therefore  I  give  two  sets  of  results;  one  set  consists  of  the  number 
of  seconds  it  took  the  oil  to  run  through  the  instrument  which  I  used;  the  other  set, 
the  same  number  of  seconds  divided  by  27}.  The  data  of  the  last  set  approximately 
tell  how  many  more  times  viscous  the  oil  is  than  water  at  15®  C.  (about  60**  F.).  Just 
before  the  test  is  made  the  level  of  the  oil  is  made  even  with  the  tip. 

Flash  point. — Nothing  can  be  more  inaccurate  than  the  open  tester,  since  it  may  be 
manipulated  at  will  to  give  results  varying  by  10**.  The  most  acciuute  of  the  open 
testers  is  liable  to  great  variations  in  its  results  from  drafts  of  air.  The  Abel  closed 
tester  gives  results  which  may  be  duplicated  within  1**  or  2**.  It  is  the  English  stand- 
ard, and  with  the  Pensky  attachment  it  is  the  German  standard.  It  seems  to  be  per- 
fect in  every  respect  for  its  purpose,  i.  e.,  for  determining  the  flash  from  60**  F.  to 
160°  F.  (Why  not  adopt  it  as  the  standard  for  California?)  If  the  instructions  for  open- 
ing the  slide  are  carefully  followed,  the  Pensky  clockwork  for  opening  the  slide  is  not 
necessary;  it  was  invented  to  do  away  entirely  with  any  tampering  with  results.  In 
making  the  above  determinations  of  flash  point  the  directions  given  in  Redwood's 
Manual  were  followed  exactly.  Since  the  flash  was  taken  with  reference  to  safety  in 
transportation,  the  test  was  not  made  on  those  samples  flashing  below  15**  C.  (60°  F.) 
and  above  70°  C.  (168**  F.). 

Ckilorific  value. — All  the  determinations  were  made  with  the  Atwater  bomb.  The 
thermometer  used  was  a  Beckman,  graduated  in  one  one-hundredths,  whose  accuracy 
I  tested.  The  basis  was  the  average  between  Berthelot's  calorific  values  for  cane 
sugar  and  naphthalene.  I  carefully  determined  the  value  of  these  two  substances. 
The  naphthalene  used  was  made  by  De  Haen,  Germany;  its  boiling  point  was  between 
79°  and  80°,  and  it  was  melted  before  using.  The  sugar  was  three  times  crystallized 
cane  sugar,  whose  composition  by  organic  combustion  agreed  with  the  theoretical  by 
0.03  on  the  H  and  0.05  on  the  0;  in  other  words,  perfectly  pure  sugar.  Before  using, 
it  was  dried  at  50°  in  the  oven.  My  average  of  several  results  on  sugar  and  naphtha- 
lene had  to  be  increased  by  1.08  per  cent  to  make  it  the  same  as  Berthelot's  average  for 
sugar  and  naphthalene,  and  all  my  results  on  petroleum  are  increased  by  the  factor 
1.0108,  which  is  evidently  the  correction  factor  of  the  bomb  calorimeter  plus  my  per- 
sonal equation.  My  results  are  certainly  within  0.5  per  cent  of  the  absolute,  and  on 
repetition  the  duplicates  agree  within  0.3  per  cent. 

Samples  Nos.  1,  2,  3,  4,  6,  7,  9, 10,  14, 17, 19,  25,  29, 38,  40,  41,  42,  43,  46,  and  48  were 
taken  from  the  top  of  the  cans  after  the  oil  had  stood  for  three  or  four  months,  and  the 
calorific  value  found  without  preliminary  treatment.  Since  Nos.  3,  4,  17,  29,  and  40 
had  water  present,  the  calorific  value  obtained  for  these  was  increased  by  the  same 
number  of  per  cent  as  the  oil  held  water;  in  other  words,  the  calorific  value  was  cal- 
culated on  the  dry  sample.  All  other  calorific  values  that  were  made  of  samples  con- 
taining water  first  had  the  water  removed  by  distillation.  The  calorific  value  of  an 
oil  containing  water  is  useless  for  most  purposes  unless  the  percentage  of  water  is  given 
also;  for  how  can  anyone  get  concordant  results  on  a  sample  half  water?  (See  sample 
No.  30.)  Oil  is  bought  by  the  gallon  and  not  by  the  pound,  and  the  column  headed 
"Calorific  value  per  c.  c."  gives  the  comparative  value  of  the  oils  by  volume. 

Sulphur. — ^The  sulphur  was  determined  from  the  sulphuric  acid  left  over  from  the 
combustion  in  the  platinum  cup.  The  cup  or  lining  as  well  as  the  lid  of  the  bomb  was 
carefully  washed  into  a  beaker,  the  liquid  filtered  to  about  100  c.  c,  BaClj  added,  and 
the  precipitated  BaS04  weighed  and  the  sulphur  calculated.  The  gases  of  combustion 
I  found  to  contain  no  sulphuric  acid.  (And  of  course  no  SOj,  since  HNO,  was  present.) 
I  passed  the  gases  slowly  through  glass  wool  soaked  in  /jj  KOH,  and  found  almost  no 
consumption  of  the  alkalinity  of  the  KOH,  showing  that  all  the  H2SO4  and  HNOj 
stuck  to  the  lining. 

Diatillation. — An  ordinary  i-liter  glass  distilling  flask  was  used.  The  exit  tube  is 
bent  upward  for  2  inches  just  after  leaving  the  neck  of  the  flask;  this  is  to  facilitate 
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filling  and  to  intercept  any  liquid  spurted  out  during  the  distillation.  I  do  not  give 
the  measurements  of  the  flask,  because  in  California  we  have  to  take  what  we  can  get 
in  the  line  of  glassware.  But  if  the  fiask  holds  300  to  325  c.  c.  up  to  the  bottom  of  the 
neck,  the  diameter  of  the  neck  is  about  one-fifth  the  diameter  of  the  bulb,  the  exit  tube 
joined  to  the  neck  halfway  between  the  top  of  the  bulb  and  the  top  of  the  neck,  and  the 
neck  about  one  and  one-half  times  as  long  as  the  diameter  of  the  bulb,  the  flask  wiU 
fulfill  the  requirements.  To  prevent  condensatioa  in  the  upward  bend  it  b  sur- 
rounded by  fluffed  asbestos  fiber  about  half  an  inch  thick.  The  exit  tube  should  be 
30  inches  long  from  the  top  of  the  bend  to  the  tip  of  the  tube.  The  thermometer  is 
placed  so  that  the  top  of  the  bulb  is  level  with  the  bottom  of  the  exit  tube.  During 
the  distillation  up  to  the  250°-300°  fraction  the  exit  tube  passes  through  a  water  con- 
denser. After  this  fraction  passes  over  the  condenser  is  removed  and  the  exit  tube 
used  as  an  air  condenser. 

The  specific  gravity  of  the  sample  is  first  determined ;  then  the  flask  is  placed  on  one 
pan  and  counterbalanced  with  shot.  The  balance  must  be  accurate  to  50  mg.  with  a 
300-gram  load.  *  Enough  oil  is  poured  in  to  make  a  volume  of  200  c.  c.  (calculated  from 
the  specific  gravity)  at  the  temperature  of  the  room  in  which  the  distillation  is  to  take 
place.  The  condenser  is  attached,  the  50-c.  c.  graduated  cylinder  put  under  the  tip  of 
the  exit  tube,  and  the  oil  is  cautiously  heated  until  all  the  water  is  driven  over.  In 
making  the  fractional  distillation  I  do  not  recommend  putting  in  any  measured  amount 
of  gasoline  or  other  light-boiling  liquid  to  drive  off  the  water.  I  liave  never  seen  a 
sample  that  could  not  be  fractionated  in  its  original  condition,  if  care  and  patience  are 
used.  The  oil  is  then  fractionated  between  the  following  temperatures:  Up  to  100°, 
100*»-150°,  150°-200*',  200*^-250°,  250'='-300°,  300°-asphalt,  asphalt.  The  flame  is  so 
regulated  as  to  cause  the  oil  to  distill  over  no  faster  than  two  drops  per  second.  Just 
before  the  thermometer  reaches  the  point  where  the  distillation  is  to  be  stopped  the 
flame  is  moderated  to  allow  the  thermometer  to  rise  gradually  to  the  stopping  point. 
The  flame  is  now  removed  to  allow  the  temperature  to  fall,  20®  for  the  100°  fraction, 
100**  for  the  300°  fraction,  and  a  proportionate  fall  for  the  fractions  in  between,  and 
then  heated  up  again.  This  is  repeated  until  no  more  than  three  drops  can  be  squeezed 
over.  The  receiver  is  then  changed  and  the  next  higher  distillate  run  over.  An 
exception  must  be  made  with  the  250°-300°  fraction,  if  much  cracking  takes  place. 
With  some  oils  very  varying  results  may  be  obtained  for  the  250°-300°  fraction,  because 
every  time  the  temperature  goes  up  to  300°  cracking  takes  place  and  more  distillate 
passes  over.  In  such  cases  I  have  arbitrarily  stopped  at  50  c.  c.  and  made  a  note  to  that 
effect  in  the  tables  (the  fraction  is  marked  ['>]),  or  else  I  have  kept  the  temperature  at 
290°  until  the  cracking  had  almost  stopped.  This  last  procedure  is  too  long  to  be 
practical,  and  I  recommend  the  former.  The  asphalt  was  run  down  to  grade  D.  It 
was  tested  by  running  a  looped  wire  down  the  neck  of  the  distilling  flask,  drawing  out 
a  drop  and  testing  it  by  chewing  or  by  the  finger  nail.  Of  course,  with  such  small 
quantities  it  does  not  make  much  difference  in  the  results  whether  the  asphalt  is  run 
down  to  grade  C,  D,  or  E.  The  asphalt  is  measured  in  this  way:  Fill  the  flask  with 
water  to  a  mark  on  the  neck;  pour  out  the  water  and  save  for  future  use.  Dissolve  the 
asphalt  in  waste  lubricating  oil  (heat  the  flask  over  the  flame)  and  remove  the  traces 
with  gasoline  and  then  with  hot  sulphuric  acid  and  potassium  bichromate.  Dry,  and 
IX)ur  back  the  water.  Now  run  in  water  from  a  burette  to  the  mark.  The  number  oi 
cubic  centimeters  run  in  represents  the  asphalt. 
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Tablb.  2. — Proximate  analyses  of  Sovihem  Califomia  crude  oQs.a 
[By  Paul  W.  Prutzman.] 
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5 

..do 

.do 

WeU.... 
....do... 

n 

Santa  Paula... 

do 



7 

.do 

Pipeline 
Well-... 
Tank... 
WeU.... 
Tank... 

58.5  24 

41.5  38       29.8 

38.8  44    1 

4a8,  38.95 

30    '  45.9I 

4ai|  35.21 

B 

Santa  Paula... 

....do 

66 
69.4 
54 
69.2 

27 
26.1 

9 

Modelo 

.  do 

8 

4N. 

18  W. 

10 

Santa  Paula... 

do 

11 

Silver  Thread.. 

do 

17 

4N. 

21  W. 

1? 

Bardsdale 

do 

12 

3N. 

20  W. 

WeU.... 
....do... 

28. 
28.1 

13 
16.6 

6L6 
63.7 

2a5 
23.^ 

43.4    40    t 

13 

Torrey 

do 

39.8 

35.71 1 

LOS  ANGELES 

DISTBICT. 

14 

Loa  Angelea... 

Los  Angeles . . 

WeU.... 

16.1 

0 

20 

30.2 

CS.7 

23 

15 

do^ 

rUENTE   Hn.LS 
DISTRICT. 

do^T 

....do... 

16.7 

0 

17.2 

da2 

54.1 

16 

Olinda 

Orange 

do 

R 

3  8. 

9W. 

WeU 

15.9 

1 

14 

36.8 

41 

17 

do 

8 

3  8. 

9W. 

Tank... 

20.3 

Tr. 

23 

4L2 

42.9 

** 

18 

do 

do 

8 

1 

3  8. 
3  8. 

9W. 

low. 

Well.... 
....do... 

2a6 
23.3 

3.4 
10.6 

66.8 
57 

1&.8 
25.6 

39.3 
39.S 

47.6 
3L4 

26.5 

19 

Brea  Canyon . . 

do 

20 

do 

do 

{ 

3  8. 

9W. 

....do... 

32.4 

21.7 

69.1 

26.8 

41.& 

41  a 

24.7 

21 

Olinda 

do 

1 

3  8. 

9W. 

....do... 

32.8 

23.8 

59.6 

27.7 

4a? 

31.5 

22 

do 

do 

9 

3  8. 

9W. 

....do... 

33. 

24.8 

60.9 

27.6 

42.8 

31.4 

23 

do 

do 

9 

3  8. 

9W. 

....do... 

33.4 

22.1 

6a9 

3a8 

41.3 

37. « 

24 

do 

do 

« 

3  8. 

9W. 

....do... 

34.6 

22.9 

62.1 

27.9 

43 

33.4 

a&i 

25 

Puente 

Los  Angeles . . 

35 

2  8. 

low. 

....do... 

26.8 

10.5 

60.2 

28 

43.^ 

33 

26 

do 

do 

35 

2  8. 

low. 

..-.do... 

26.a 

12.5 

68.8 

29 

4^^ 

<a 

27. 3| 

27 

do 

do 

35 

2  8. 

low. 

....do... 

29.1 

21 

68.2 

24 

41.4 

30.9 

28 

Whittier 

do 

26 

2  8. 

11  W. 

....do... 

20.4 

0 

23.4 

38.J 

46l3 

29 

do 

do 

26 

2  8. 

11  W. 

....do... 

21. 

2.1 

55 

23.9 

3ai 

JJ^^^ 

30 

do 

do 

26 
26 

2  8. 
2  8. 

11  W. 
11  W. 

....do... 
....do... 

23.1 
23.2 

5.2 

4.7 

56 
57.3 

27.3 
24 

38.4 
30.3 

31 

do 

do 

^1 

-1 

a  BuU.  CaUfomia  State  Mining  Bureau,  No.  32, 1904,  Table  26,  opp.  p.  196. 
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Table  2. — Proximate  analyses  of  Southern  CcHifomia  crude  oils. 
[By  Paul  W.  Trutzman.] 


Distillation. 


Asphalt. 


2&9^ 
0 

41.7 

15.4 

2Sl5 

11.8 

26.31 

16 

12.9 

11.1 

IS.  8 

25.6 

21.1 


las 

25.7 


42 
32.1 
25l9 
31.6 

9 

16.7 
15.6 

8 

12L9 
26 
24 

22.1 
27.3 
21.4 
2a2 
1ft  7 


Calculated  analysis. 


Total, 
gasoline. 


0.5 
52.3 
7     0 


1.5 
8 

US 
12.4 
11.4 
16.4 
14.3 
21.2 
9   15 

las 


1.2 
1.8 
44 
12.3 
24.3 
26 
27.6 
24.6 
2&7 
13.3 
15l4 

22.9 

.7 

2.8 


Kero- 
sene. 


12.1 
25.8 
0 

19.5 
16 

15.3 
19.2 
17.5 
24.3 
17.2 
18.3 
18.5 
16.5 


7.7 
17.9 
12.3 
17.8 
20.6 
20.6 
24.8 
23.1 
25.1 
25,2 
24.7 

17 

14 

14.4 

16.4 

15.6 


Mid- 
dlings. 


23.8 
19.9 
24.3 


24.5 
21.4 


40  37.2 
40' 


15.4 


12.1 


16.4 


23.1 


20.6 


34.1 


31.8 


33.7 


32.7 


32.5 


31.8 


33.2 


Lubri- 
cants. 


35.7 
0 
32.3 


35.1 
19 


42.5 


34.7 


29 


17.6 


18.7 


20.9 


21.3  23 


34.1 
33.5 


22.3 


18.6 
19.5 


S 


95 

-a  3 

3 


62.2 

48.8 


52.1 

444 

6a9 

41.2 

40 

41.1 


68.3 


47. 
46.2 


37.3 


31,4 

42.8 


33 


54 

54.8 


Asphalt. 


6:i 


25.9 
0 

41.7 
15.4 
25.5 
11.8 
25.3 
16 

12.9 
11 

18.8 
25.6 
21.1 


13.3 
25.7 


42 

:«.  1 

25.9 
31.6 


35.9   16.7 


15.6 
8 

12.9 
26 
24 

22.1 
27.3 
21.4 
20.2 
19.7 


28.6 


13.8 
28.1 


46.9 
36.1 
29.2 
36,3 
10.7 
20.5 

lai 

9.6 
16 

30.7 
28.6 

26.3 
30.8 
24.2 
23,2 

22.0 


§ 


94.9 


153. 
56.4 
93.6 
43,2 
92.9 
59 
47.4 
40.8 
69 
92.1 
77.7 


46.7 
93.9 


154.3 
117.9 
95.1 
11&2 
32.3 
61.7 
67.3 
29 
49 
95.7 
88.2 

81.4 
100.2 
78.4 
74.3 
72.3 


2 

2 

1.7 

1.4 

1.7 

0 

2.7 

3 

2 

a5 

.5 
.9 
3 


2 
2 

4.3 
1 

1.7 
.6 
.6 
1.6 
2.9 
2.5 
1.5 

2 

4 

4.2 

2.6 

4,7 


Remarks. 


White  oil. 


Green  oil. 
Greenish  oil. 


Greenish  oil. 


Mixture  from 
four  wells. 
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Table  3. — DMUation  tests  of  sotUhtm  California  crude  oUsA 
[By  W.  L.  Watt«.] 


WeU. 

o 

9 

9 

■Si 

1 

Naphtha. 

Illuminating  oil. 

Lubricating  oiL 

100«C. 

125<»C. 

IfiO^C. 

200<>C. 

250»C. 

300«C.    1  350*  C. 

t 

i 

1 
1 

o 

1 

i 

pti 

! 

1 
1 

PQ 

o 

1 

O 

i 

o 

t 

J 

! 

.ii 
^  1 

P^     (  o 

1 

o 

1 

C 

1 

8ANTACLABA  VAL- 
LEY DI8TBICT. 

Tar  Creek 

do 

23 
23 
22 
25 
40 

17 
17 
17 
17 
17 
16 
16 
13 
14 

23 
28 

7.6 

&4 

Tr. 

6 

9.3 

Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 

60 

11 

S5 
58 
52 
54 

48 

10.4 

ia4 

16.8 

10 

13.9 

8 
7 
0 

9.6 
8 

1.6 
2.2 
Tr. 
1 

ia8 

12.2 

41 
45 
45 
44 
41 

38 
38 
39 
40 
42 

45 
43 

12.4 
14.2 

9.7 
12.2 

8.3 

13.6 

15.3 

16.8 

17.6 

12 

11.4 

11.2 

L6 

8 

9.3 

ia2 

34 
33 
38 
36 
35 

32 
29 
31 
36 
32 
32 
30. 

'si* 

35 
36 

6 
4 

6.6 
2.5 

29 

? 

63  8 
....     6.9 

64  8.6 
54     13.4 

3 

Foorfork 

33 

4 

Kentuck 

32 

ft 

Pico  Canyon  No.  4 

L08  ANQKLR8  DIS- 
TRICT. 

Central  field 

do 

do 

do 

do 

do 

do 

Macintosh 

Maltman 

PXJXMTK  HILL8  DIS- 
TRICT. 

Puente 

9.1 

09 

10.4 

59 

6 

Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 

7.1 

7 

!  _   . 

77 

8 

27 

0 

77 

10 

11 

3^4  J 

1? 

1 

4.4 

9.6 

2.9 
8.3 

?9 

13 

14 



15 

Tr. 

ia2 

"ei" 

15.9 
13.5 

53 
55 

m 

1A 

do 

M 

1'""' 

a  Bull.  California  Stote  Mining  Bureau  No.  19, 1900,  pp. 


203-205. 
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FOSSILS  OF  THE  OIL-BEARING  FORMATIONS  OF 
SOUTHERN  CALIFORNIA. 


By  Ralph  Aknold. 


INTBODUCTION. 

Many  of  the  oil-bearing  rocks  of  southern  California  contain  the 
fossil  remains  of  living  organisms  such  as  plants,  foraminifera,  sea 
urchins  or  echinoderms,  marine  and  fresh-water  moUusks,  crabs,  fish, 
and  some  of  the  higher  vertebrates.  The  marine  mollusks,  owing  to 
their  pecuKar  composition  and  habitat,  are  relatively  much  more  lia- 
ble to  be  preserved  in  the  rocks  than  the  individuals  of  most  of  the 
other  groups,  and,  as  a  consequence,  they  are  the  most  abundant  of 
the  organic  remains,  and  therefore  the  most  useful  for  purposes  of 
correlation,  not  only  in  this  region,  but  in  all  regions  aboimding  in 
marine  sediments. 

A  fossil  may  be  the  more  or  less  altered  remains  of  the  plant  or  ani- 
mal; it  may  be  the  empty  mold  from  which  all  of  the  original  material 
of  the  organism  has  been  removed;  or  it  may  be  the  cast  of  the  original 
form  in  hardened  silt,  sand,  or  some  crystaUized  mineral  which  has 
replaced  the  organism. 

It  is  well  known  that  associations  of  species  (f  aima  or  flora)  are 
governed  by  two  important  factors — one  of  time  and  the  other  of 
environment.  The  fossil  fauna  of  any  formation,  unless  it  be  an  imusu- 
ally  thick  one  requiring  a  very  long  time  for  its  deposition,  is  generally 
fairly  constant  throughout  for  rocks  of  similar  Kthologic  character, 
owing  to  the  fact  that  faunas  living  at  approximately  the  same  time, 
imder  similar  conditions,  and  in  the  same  general  region  or  biologic 
province  are  closely  related  or  nearly  identical.  Conversely  the 
faunas  of  the  different  kinds  of  rocks  in  the  same  formation  and  even 
of  the  same  kind  of  rock  in  two  different  formations  are  always  more  or 
less  distinct.  As  the  different  marine  sediments  reflect  the  varying 
conditions  of  their  deposition,  so  the  faunas  reflect  their  environ- 
ment; fossils  are  usually  foimd  in  a  matrix  whose  deposition  was  gov- 
erned by  the  conditions  forming  the  environment  of  the  fossils.  Thus 
a  deep-water  faima  is  usually  found  in  shale  or  Umestone,  a  shallow- 
water  or  Kttoral  faima  in  sandstone  or  gravel,  and  so  on.  Coarse 
conglomerates,  owing  to  the  disturbed  conditions  surrounding  their 

deposition,  rarely  contain  recognizable  fossils. 
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It  follows,  then,  that  similar  faunas  from  two  or  more  difPerent 
outcrops  indicate  in  a  general  way  the  contemporaneity  and  simi- 
larity of  conditions  of  deposition  of  the  beds;  that  is,  they  indicate 
the  same  horizon  or  formation.  The  converse  of  this  statement, 
however,  is  not  always  true,  for  it  often  happens,  for  example,  that 
the  shale  fauna  of  one  formation  bears  a  stronger  aflSnity  to  the  shale 
fauna  of  a  second  formation  either  above  or  below  it  than  to  the  f aima 
of  contemporaneous  sandstone  or  conglomerate  within  its  own  for- 
mation. 

Some  faimas  are  characterized  by  the  predominance  of  one  or 
more  famiUes  or  broader  groups;  some  only  by  the  occurrence  or 
abundance  of  certain  species.  Analogous  to  the  formations  which 
contain  them,  certain  faunas  are  distinctly  isolated  from  others  of 
the  same  region.  A  formation  having  an  isolated,  imique,  or  so- 
called  characteristic  fauna  is  the  most  easily  identified  and  corre- 
lated, as  the  determination  of  only  a  few  of  its  species  often  suffices 
to  locate  it  definitely.  The  correlation  of  those  rocks  whose  fauna 
is  not  so  distinctly  separated  from  the  fauna  of  stratigraphically 
adjacent  formations  is  much  n^ore  difficult  and  generally  requires 
some  special  training  alonjj  paleontologic  lines.  Fortunately  most 
of  the  formations  in  southern  California  contain  fairly  characteristic 
faimas,  so  that  with  a  sufficient  amount  of  identifiable  material  from 
any  given  stratum  its  correlation,  or  the  determination  of  its  relative 
position  in  the  stratigraphic  column,  may  be  readily  approximated. 

It  is  a  well-knoVn  fact  that  the  only  way  to  determine  the  relative 
position  or  age  of  any  bed  in  a  series  where  the  rocks  of  the  different 
formations  are  so  much  alike  and  the  structure  so  complex  as  in  the 
southern  California  oil  districts  is  by  a  determination  of  its  fossil 
contents.  Ordinarily  lists  of  fossils  are  absolutely  meaningless  except 
to  the  few  who  have  devoted  at  least  a  little  time  to  the  study  of 
paleontology.  But  when  these  lists  are  supplemented  by  the  figures 
of  the  species  named  it  is  an  easy  matter  for  anyone  to  find  out  for 
what  each  name  really  stands.  The  following  plates  are  given  to 
add  meaning  to  the  lists  of  fossils  included  in  the  text.  The  species 
figured  do  not  represent  all  of  those  found  in  the  oil-bearing  forma- 
tions of  southern  California,  but  rather  those  which  are  commonly 
found  in  or  are  characteristic  of  the  principal  formations  there  devel- 
oped. It  is  thought  that  by  .means  of  these  figures  anyone  will  be 
able  to  locate  approximately  any  bed  in  the  geologic  column  if  he 
can  obtain  from  it  a  few  recognizable  fossils. 

The  fossils  are  arranged  on  the  plates  in  the  order  of  the  occurrence 
of  the  rocks  containing  them,  beginning  with  the  oldest,  the  Eocene. 
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PLATE  XXV. 

Eocene  Pelecypoda. 

(All  figures  natural  size.) 

Fig.  1.    Venericardia  planicosta  Lamarck.     U.S.N.M.  164973.     Left  valve;  longitude 

84  mm.     Eocene,  Little  Falls,  Wash.     This  is  the  most  widespread  and 

characteristic  Eocene  species  in  the  world.     Found  in  the  Sespe  and 

Silver  Thread  districts,  Ventura  County. 
Fig.  la.  Same  specimen  as  fig.  1.     View  of  anterior  end  of  both  valves. 
Fig.  16.  Same  specimen  as  fig.  1.     View  of  both  valves  from  above. 
Fig.  2.  Cardium  cooperii  Gabb.    U.S.N.M.  164998.     A  decorticated  right  valve;  long:i- 

tude  35  mm.     Eocene,  Rose  Canyon.  San  Diego  County.     A  comiuon 

species  in  the  Eocene  of  the  west  coast. 
Fig.  2a.  Same  specimen  as  fig.  2.     View  of  both  valves  from  above. 
Fig.  3.   Meretrix  homii  Gabb.     Left  valve;  longitude  36  mm.     Pal.  Cal.,  vol.  2,  pi.  30, 

fig.  78.     A  common  species  in  the  Eocene  of  the  west  coast. 
Fig.  4.  Modiolus  ornatxis  Gabb.     Right  valve;  longitude  38  mm.     Pal.  Cal.,  vol.  1, 

pi.  24,  fig.  166.     Another  species  found  in  most  Eocene  faunas  of  ihe 

west  coast.  , 
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PLATE  XXVI. 

Eocene  Pelecypoda  and  Gasteropoda. 

(All  figures  natural  size  unless  otherwise  noted.) 

Fir..  1.  Pccten  (Chlamys)  ca/HTm  Arnold,     l^niv.  California.     An  imperfect  left  >*alve; 

altitude  45  mm.     Eocene,  Sisar  Creek,  Ventura  County. 
Fk;.  2.  Same  species  as  fig.  1.     Univ.  California.     Imperfect  right  valve;  altitude 

29  mm.     Same  locality  as  fig.  1. 
Fic.  3.  Pecten   (Propramusinm)   interradiatus   Gabb.     Left   valve;  altitude   25   mm. 

Pal.  Cal.,  vol.  2,  pi.  33,  fig.  98.     Eocene  shales  at  New  Idria,  San  Kenito 

County,  and  in  Silver  Thread  district,  Ventura  County. 
Fir..  3a.  Same  specimen  as  fig.  3.     Interior  of  left  valve.     Pal.  Cal.,  vol.  2,  pi.  33, 

fig.  98. 
Fic.  36.  Same  species  as  fig.  3.     Outline  of  ears  of  right  valve.     Pal.  Cal.,  vol.  2, 

pi.  33,  fig.  98a. 
Fkj.  4.  Glycymeris  leatchii  Gabb  var.  major  Stanton.     U.S.N.M.  165003.     Imperfect 

left  valve;  longitude  30  mm.     Eocene,  Rock  Creek,  IjOs  Angelc»s  County. 

Found  in  the  lower  Eocene  (Martinez  formation)  in  California. 
Vic.  5.   Cardium  brewerii  Gabb.     Right  valve;  longitude  51  mm.     Pal.  Cal.,  vol.  2, 

pi.  24,  fig.  155.    Common  in  the  Eocene  (Tejon  formation  and  equivalents). 
Fic;.  6.    Teredo  sp.     U.S.N.M.    164972.     Tj-pe.     Imperfect  section  of   tube,    lateral 

view;  diameter  11  mm.     Eocene,  Sisar  Creek,  Ventura  County. 
Fic.  6a.  Same  species  as   fig.    6.     U.S.N.M.    164972.     Cotype.     Cross  section  of  a 

crushed  specimen;  maximum  diameter  15  mm.     Same  locality  as  fig.  6. 
Fkj.  7.  F usns  remondii  G&hh.     Front  view;  altitude  41  mm.     Pal.  Cal..  vol.  1,  pi.  18, 

fig.  36.     Common  in  Eocene  (Tejon  formation  and  equivalents)  on  we:»t 

coast. 
Fic;.  7a.  Same  specimen  as  fig.  7.     Magnified  view  of  surface. 
Fir..  8.  Amauropsis  alveatus   Conrad.     U.S.N.M.    165000.     Front   view   of   partially 

decorticated  specimen;  altitude  32  mm.     Eocene,   Rose  Canyon,  San 

Diego  County.     A  characteristic  Eocene  gasteropod. 
Fk;.  9.   Morio  (Sconsia)  tubernilatits  Gabb.     U.S.N.M.    164999.     Front  view  of  an 

imperfect  and  decorticated  specimen;  altitude  27  mm.     Eocene,  R(*^ 

Canyon,  San  Diego  ( 'ounty.     Perfect  specimens  have  an  anteriorly  plicate 

plate  over  the  inner  lip;  outer  lip  crenulate;  revolving  lines  on  surface. 
Fk;.  10.   Cylichna  costata  Gabb.     U.S.N.M.  165001.     Front  view  of  slightly  imperfect 

specimen;  altitude  18  mm.,  twice  natural  size.     Eocene,  Rose  Canyon. 

San  Dic^o  County.     Common  in  the  Eocene  (Martinez  and  Tejon  forma- 
tions and  equivalents). 
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PLATE  XXVII. 
Miocene  Pelecypoda  and  Gasteropoda. 

Fig.  1.  Pecten  (Ltjropecten)  howertd  Arnold.  Univ.  California.  Type.  Right  valve; 
altitude  150  mm.;  about  two-thirds  natural  size.  Lower  Miocene,  Santa 
Inez  Mountains,  Santa  Barbara  County.  Also  abundant  at  same  horizon 
in  Santa  Monica  Mountains  and  elsewhere.  Left  valve  of  this  species 
more  convex  than  right;  otherwise  very  similar. 

Fig.  2.  Ostrea  titan  Conrad.  U.S.N.M.  164987.  Side  view  of  both  valves;  altitude 
of  large  valve  131  mm. ;  two-thirds  natural  size.  Lower  Miocene,  3  miles 
south  of  Calabasas,  Los  Angeles  County.  This  species  is  found  in  both 
the  upper  and  lower  Miocene,  and  often  grows  to  a  length  of  20  inches  (500 
mm.)     (See  PI.  XXXII,  fig.  2.) 

Fig.  3.  Purpura  edmondi  Arnold.  U.S.N.M.  164983.  Type.  Aperture  view;  alti- 
tude 19  mm.;  about  IJ  times  natural  size.  Lower  Miocene,  3  miles 
south  of  Calabasas,  Los  Angeles  County. 

Fig.  3a.  Reverse  view  of  same  specimen  as  fig.  3;  same  enlaigement. 

Fig.  4.  Chlorostoma  {Omphaluis)  dalli  Arnold.  U.S.N.M.  164984.  Type.  Aperture 
view;  latitude  12.5  mm.;  1 J  times  natural  size.  Lower  Miocene,  3  miles 
south  of  Calabasas,  Los  Angeles  County.  A  common  species  in  this 
horizon. 

Fig.  4a.  Top  view  of  same  specimen  as  fig.  4. 

Fig.  46.  Base  view  of  same  specimen  as  fig.  4. 

Fig.  5.  Chlorostoma  (Omphalius)  dalli  var.  inomatus  Arnold.  U.S.N.M.  164986. 
Type.  Top  view;  latitude  13.5  mm.;  IJ  times  natural  size.  $ame 
locality  as  fig.  4. 

Fig.  6.  Chlorostoma  (Omphalius)  dalli  var.  suhnodostis  Arnold.  X^S.N.M.  164985. 
Type.  Top  view;  latitude  13  mm.;  1}  times  natural  size.  Sam^ locality 
as  Fig.  4. 

Fig.  6a.  Base  view  of  same  specimen  as  fig.  6. 

Fig.  7.  Cerithium  topangensis  Arnold.  U.S.N.M.  164976.  Type.  Aperture  view  of 
imperfect  specimen;  longitude  23  mm.;  IJ  times  natural  size.  Lower 
Miocene,  3  miles  south  of  Calabasas,  at  head  of  Topan^  Canyon,  Los 
Angeles  County.     A  common  species  at  the  type  locality. 

Fig.  8.  Cerithium  topangensis  Arnold.  U.S.N.M.  164976.  Cotype.  Aperture  view 
of  imperfect  specimen;  longitude  13  mm.;  IJ  times  imtural  size.  Same 
locality  as  fig.  7. 

Fig.  9.  CanccUaria  cf.  condoni  Anderson.  U.S.N.M.  164981.  3ack  view  of  imperfect 
specimen;  altitude  21  mm.;  IJ  times  natural  «ze.  Lower  Miocene,  3 
miles  south  of  Calabasas,  Los  Angeles  County.  This  species  appear?  to 
range  from  the  San  Joaquin  Valley  to  the  Santa  Monica  Mountains  in  the 
lower  Miocene. 
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PLATE  XXVIII. 

Miocene  Pelecypoda  and  Gasteropoda. 

Fig.  1.  Peclen  {Lyropecten)  magrwlia  Conrad.  Univ.  California.  Imperfeft  rigbi 
valve;  altitude  14.5  mm. ;  about  two-thirds  natural  size.  I^)wer  Miocene, 
Vaqueros  formation,  Ojai  Valley,  Ventura  County.  Characteristic  of  the 
lower  Miocene  throughout  central  and  southern  California.,  The  left  valve 
has  narrow,  more  rounded  ribs. 

Fig.  2.  Pcden  {Lyropecten)  estrellumis  Conrad.  U.S.N.M.  164851.  Left  valve;  alti- 
tude 97  mm.;  alK)ut  two-thirds  natural  size.  Upper  Miocene,  AVildhorse 
Canyon,  Monterey  County.  This  species  is  usually  abundant  in  both  the 
lower  and  upper  Miocene  faunas  of  central  and  portions  of  southern  Cali- 
fornia. Ribs  of  right  valve  broader  and  anterior  ear  notched;  otherwise 
similar  to  left. 

Fig.  3.  Drilliasp.    U.S.N.M.  164977.     Tjrpe.     Back  view;  longitude  13.5 mm.;  about 
1 J  times  natural  size.     Lower  Miocene,  head  of  Topanga  Canyon,  3  miles 
•  south  of  Calabasas,  Los  Angeles  County. 

Fig.  4.  Macron  merriami  Arnold.  U.S.N.M.  164982.  Type.  Aperture  view;  longi- 
tude 23  mm. ;  about  IJ  times  natural  size.  Lower  Miocene,  same  locality 
as  fig.  3.  This  species  appears  to  range  over  central  and  southern  Cali- 
fornia in  the  lower  Miocene. 

Fig.  4a.  Bark  view  of  same  specimen  as  fig.  4. 

Fig.  5.  Sigarelus  perrini  Arnold.  U.S.N.M.  164979.  Type.  Aperture  view  of  par- 
tially decorticatcni  and  imperfect  specimen:  altitude  18.5  mm.;  about  1§ 
times  natural  size,     l^ower  Miocene,  same  locality  as  fig.  3. 

Fig.  6.   Turbo  topangensis  Arnold.      U.S.N.M.  164980.     Type.     Aperture  view;  alti- 
tude 18.5  mm.;  about  IJ  times  natural  size.     Lower  Miocene,   same 
locality  as  fig.  3. 
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PLATE  XXIX. 

Miocene  Echinoidea  and  Pelecypoda. 

Fig.  1.  Pecten  (Amusium)  lompocensis  Arnold.  U.S.N.M.  164852.  Cot>T)e.  Inte- 
rior view,  showing  internal  lirse;  altitude  90  mm.;  about  two-thirds  natu- 
ral size.  Lower  Miocene,  Ojai  Valley,  Ventura  County.  This  form,  so 
far  BJB  known,  is  confined  to  the  lower  Miocene  of  Santa  Barbara  and  Ven- 
tura counties. 

Fio.  2.  Ostrea  cldridgd  Arnold.  U.S.N.M.  164986.  Type.  View  of  exterior  of  larger 
valve;  altitude  14.7  mm.;  two-thirds  natural  size.  Lower  Miocene,  sup- 
posed equivalent  of  Vaqueros  formation,  Elkins  ranch,  east  of  Grimes 
Canyon,  south  of  Fillmore,  Ventura  County. 

Fio.  2a.  Lateral  view  of  same  specimen  as  fig.  2. 

Fig.  3.  Scutellafinrbanksi  Merriam.  U.S.N.M.  164963.  View  of  top,  showing  details; 
maximum  diameter  36  mm. ;  1§  times  natural  size.  Lower  Miocene,  sup- 
posed equivalent  of  Vaqueros  formation,  near  Torrey  Canyon  wells,  south- 
west of  Piru,  Ventura  County;  abundant.  This  species  is  also  found  near 
the  base  (if  the  Vaqueros  formation  in  the  Sespe  district.  Supposed  to 
be  characteristic  of  the  lower  Miocene. 
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PLATE  XXX. 

Miocene  Echinoidea  and  Pelecypoda  and  Gasteropoda. 

(All  figures  natural  pizo.) 

Fig.  1.  Venus  (Ckione)  tfviblorcnsis  Anderson.  U.S.N.M.  164989.  Exterior  of  imper- 
fect right  valve;  longitude  80  mm.  Lower  Miocene,  head  of  Topanga 
Canyon,  3  miles  south  of  Calabasas,  Los  Angeles  County.  Usually  abun- 
dant in  the  lower  Miocene;  a  nearly  related,  possibly  identical  form  found 
in  the  upper  Miocene. 

Fig.  la.  Top  view  of  same  specimen  as  fig.  1. 

Fk;.  2.  Mytihts  mathctvsonii  Gabb  var.  e.rpansus  Arnold.  U.S.N.M.  164968.  Type, 
Right  valve;  altitude  10.5  mm.  Ix)wer  Miocene,  supposed  equivalent  of 
the  Vaqueros  formation,  near  Torrey  (^anyon  wells,  southwest  of  Piru, 
Ventura  County.  This  species  is  usually  found  in  the  faunas  of  the  lower 
Miocene  thmugh  central  and  southern  California. 

Fk;.  3.  SnitcUa  fairhankd  Merriam.  U.S.N.M.  164963.  Same  locality  as  fig.  2,  but 
possibly  at  a  somewhat  lower  horizon. 

Fu\.  4.  Onrwbra   topangensu   Arnold.     U.S.N.M.  164995.     Type.     Back  view:  alti- 
tude 59  mm.     Lower  Miocene,  Topanga  Canyon,  3  miles  south  of  Cala- 
})aaas,  Los  Angeles  County.     So  far  known  only  from  this  h(»rizon. 
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PLATE  XXXI. 

Miocene  Pelecypoda  and  Gasteropoda. 

(All  figures  natural  size.) 

Fio.  1.  Pecten  (Lyropecten)  crassicardo  Conrad.  U.S.N.M.  164967.  Exterior  of  v-alve, 
showing  characteristic  sculpture;  altitude  90  mm.  Lower  Miocene,  Ojai 
Valley,  Ventura  County.  This  species  ranges  through  the  lower  and 
upper  Miocene,  being  commoner  in  the  former  in  southern  California,  in 
the  latter  in  central  California.  It  is  sometimes  more  convex  than  the 
figured  specimen,  and  often  shows  concentric  undulations  of  the  disk. 

Fig.  2.  Pecten  (Chlaviys)  sespeensis  var.  hydei  Arnold.  Collection  of  Delos  Arnold. 
Type.  Right  valve,  ear  missing;  altitude  46  mm.  Lower  Miocene, 
Lynchs  Mountain,  San  Luis  Obispo  County.  Found  also  in  the  Vaquercw 
formation,  Little  Sespe  Creek,  and,  with  Mytilns  maihewsonii  Gabb,  in 
supposed  equivalents  of  the  Vaqueroe  formation  near  the  Torrey  Canyon 
wells,  Ventura  County. 

Fig.  3.  Pecten  (Pseudamimtim)  peckhami  Gabb.  U.S.N.M.  164839.  Right  and  left 
valves  in  matrix;  altitude  of  largest  17  mm.  Monterey  shale  (middle 
Miocene),  southeast  of  Pinole,  Contra  Costa  County.  The  type  of  this 
species  came  fn>m  the  Ojai  Valley,  Ventura  County.  It  is  the  commonest 
form  in  the  shales  of  the  middle  Miocene  (Monterey,  Modelo,  and  equi\-a- 
lent  formations)  and  is  also  known  from  the  Oligocene  in  the  Santa  Cruz 
Mountains. 

Fig.  4.  Neverita  callosa  Gabb.  U.S.N.M.  164992.  View  from  above,  specimen 
slightly  tilted;  maximum  latitude  44  mm.  Ix)wer  Miocene,  head  of 
Topanga  Canyon,  3  miles  south  of  Calabasas,  Los  Angeles  County. 
Ranges  through  the  Miocene.  Common  in  the  lower  Miocene  of  southern 
San  Joaquin  Valley  and  the  Santa  Monica  Mountains. 

Fig.  4a.  Same  specimen  as  fig.  4.    View  of  base  and  aperture,  showing  characteristic 
shape  of  callous. 
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PLATE   XXXII. 

Miocene  Pelec  ypoda,  Gasteropoda,  and  Crustacea. 

(All  figure's  natural  sizo.) 

Fio.  1.  Pcctm  {Jlinnites)  giganteus  Gray.  U.S.N.M.  164965.  Extorior  of  right 
valve;  altitude  90  mm.  Lower  Miocene,  supposed  equivalent  of  Vaque- 
ro8  formation,  gulch  ea^st  of  Wiley  Canyon,  eouthwest  of  Pirn,  Ventura 
County.  A  very  varia!)le  species  ranging  from  the  lower  Miocene  to  the 
Recent  fauna. 

Fi(}.  2.  Ostrea  titan  Conrad.  U.S.N.M.  164987.  View  of  exterior  of  larger  valve; 
altitude  131  mm.  Lower  Miocene,  3  miles  south  of  Calabasas,  Loe  Angi»- 
les  County.  A  common  form  in  the  upper  and  lower  Miocene;  often 
grows  to  a  length  of  20  inches  (500  mm.)  or  more.     (See  PI.  XXVII,  fig,  2.  * 

Fig.  3.  Trochita  costellata  Conrad.  U.S.N.M.  164994.  View  from  above;  maximum 
diameter  38  mm.     Same  locality  as  fig.  2.     Common  in  the  Miocene. 

Fio.  4.  Phacaides  richthofeni  Gabb.  U.S.N.M.  164978.  Right  valve;  altitude  17.5 
mm.     Same  locality  as  fig.  2. 

Fio.  5.  Balanus  concarus  Bronn.  ir.S.N.M.  164971.  T>T)e.  Lateral  view;  maxi- 
mum latitude  26  mm.  Lower  Miocene  or  upper  Oligocene,  Little  Sespe 
Creek,  Ventura  County.     A  very  common  species  in  this  horizon. 

Fic.  5a.  Same  species  as  fig.  5.     Top  view. 
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PLATE    XXXIII. 
Miocene  Pelecypoda  and  Gasteropoda. 

(All  figures  natural  size.) 

Fig .  1 .  Pecten  ( Chlamys)  sespeensis  Arnold.  California  State  Mining  Bureau .  Cotj'pe 
Portion  of  mold  of  interior  of  right  valve;  altitude  50  mm.  Lower  Mio- 
cene, Vaqueros  formation,  Sespe  Canyon,  Ventiu^  County.  A  common 
species  at  the  type  locality;  also  found  elsewhere  in  central  and  .southern 
California  in  the  lower  Miocene. 

Fig.  la.  Mold  of  interior  of  left  valve  of  same  specimen  as  fig.  1. 

Fig.  2.  Pecten  (Chlamys)  sespeensis  Arnold.  California  State  Mining  Bureau.  Plasto- 
type.  Cast  of  exterior  of  slightly  imperfect  left  valve  (young);  altitude. 
18  mm.     Same  locality  as  fig.  1. 

Fig.  3.  Pecten  (Lyropecten)  raughani  Arnold.  Collection  of  Delos  Arnold.  Tj-pe. 
Right  valve;  altitude  37  mm.  Lower  Miocene,  supposed  equi\'alent  of 
Vaqueros  formation,  Ojai  Valley,  Ventura  County. 

Fig.  3a.  Same  specimen  as  fig.  3.     Left  valve. 

Fig.  4.  Dosinmjwnderosa  Gmy.  U.S.N.M.  164988.  Imperfect  right  valve;  altitude 
80  mm.  Lower  Miocene,  3  miles  soiith  of  Calabasas,  Los  Angeles  County. 
A  common  species  from  the  lower  Miocene  to  the  Recent  southern  fauna 
of  the  west  coast. 

Ftg.  5.  Phurotoma  ( Dolichotonia)  heepi  Arnold.      U.S.N.M.  164993.      Type.     Back 
view  of  imperfect  specimen.     Same  locality  as  fig.  4.     Found  also  in  this 
horizon  at  several  localities  in  southern  San  Joa(]uin  Valley. 
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PLATE  XXXIV. 
Pliocene  Pectens. 

(All  figur(*  about  two-thirds  natural  size.) 

Fig.  I.  Pecten  {PaliTiopecten)  healqfi  Arnold.  U.S.N. M.  148012.  Typo.  Exterior  of 
right  valvo;  altitude  121  mm,  San  Diego  formation  (Pliocene^,  San 
Diego  County.  A  characteristic  form  in  the  lower  Pliocene  from  San 
Mateo  County  to  the  Mexican  line.  I^eft  valve  with  narrow  rounded  riba 
and  intercalaries;  disk  also  less  convex. 

Fio.  2.  Pecten  (Lyropeclen)  ashlcyi  Arnold.  Univ.  California.  Type.  Exterior  of 
right  valve;  altitude  155  mm.  Pliocene,  Cerros  Island,  off  Lower  Cali- 
fornia. Also  characteristic  of  the  lower  Pliocene,  but  so  far  known  only 
as  far  north  as  Santa  Barbara  County.  The  left  \*alve  has  slightly  nar- 
rower ribs  and  no  byssal  notch  in  the  anterior  ear. 
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PLATE    XXXV. 
Pliocene  Pectexs. 

(Unless  otherwise  stated  all  figures  are  about  two-thirds  natural  size.) 

Fig.  1.  Peden  (CMamys)  wattsi  Arnold.  California  Acad.  Sci.  Type.  Exterior  of 
slightly  imperfect  left  valve;  altitude  66  mm.  Lower  Pliocene,  Krey- 
enhagen's  ranch,  Fresno  County.  Also  found  in  the  lower  Pliocene  of 
southern  California.     Right  valve  with  broader,  flatter  ribs. 

Fig.  2.  Pecten  (Pecten)  stearmii  Dall.  U.S.N.M.  148008.  Exterior  of  left  valve; 
altitude  87  mm.  San  Diego  formation  (Pliocene),  Pacific  Beach,  San 
Diego  County.  Not  rare  in  the  Pliocene.  (See  PI.  XXXVI,  fig.  4,  for 
right  valve.) 

Fig.  3.  Pecten  (Pecten)  hellus  Conrad.  Acad.  Nat.  Sci.  Phila.  960.  Exterior  of  right 
valve;  altitude  80  mm.;  about  five-sixths  natural  size.  Pliocene,  Santa 
Barbara.  Also  found  in  Pliocene  of  Ventura,  Santa  Barbara,  and  adja- 
cent counties.  Left  valve  slightly  concave,  with  narrower  ribs  than  right ; 
otherwise  similar. 

Fig.  4.  Pecten  (Plagioctenium)  circularis  Sowerb>.  U.S.N.M.  61246.  Right  valve; 
longitude  26  mm.;  nearly  natural  size.  Pleistocene,  Ventura  County. 
May  also  extend  down  into  the  Pliocene. 

Fig.  5.  Pecten  (Pecten)  vogdesi  Arnold.  California  Acad.  Sci.  Cotype.  Exterior  of 
slightly  imperfect  left  valve;  altitude  74  mm.  Pleistocene,  Ventura 
County.  Also  occurs  in  supposed  Pliocene  near  San  Diego.  Right  valve 
very  convex,  with  broad  rounded  ribfe. 

Fig.  6.  Pecten  (Plagioctenium)  ccrrosensis  Gabb.  Univ.  California.  Exterior  of  left 
valve  (anterior  ear  slight  broken);  altitude  106  mm.  Pliocene,  Cerro? 
Island,  off  Lower  California.  Also  found  in  the  Pliocene  near  Camuloe, 
Newhall,  and  San  Diego. 

Fig.  7.  Pecten  (Pecten)  auhuryi   Arnold.     California  State  Mining  Bureau.     Ty^e. 
Exterior  of  imperfect  right  valve;  altitude  46  mm.     Pliocene,  Puente 
Hills,  Ix)s  Angeles  County.     Left  valve  slightly  concave,  with  ribs  nar- 
rower than  in  right. 
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PLATE  XXXVI. 

Pliocene  Pectens. 

(All  figures  about  two-thirds  natural  size.) 

Fio.  1.  Pecten  {Patinopecten)  caitrinus  Gould.  Collection  of  Delos  Arnold.  Exterior 
of  left  valve;  altitude  105  mm.  Pliocene,  Deadman  Island,  Jjos  Angeles 
County.  Specimens  of  this  species  measuring  over  8  inches  (200  mm.) 
have  been  found  in  the  Pliocene  of  Ventura  County.  This  form  appears 
to  be  confined  to  the  upper  Pliocene  and  Pleistocene  in  southern  Cali- 
fornia. Right  valve  more  convex  and  with  broader  square  ribs  and 
plain  concentric  sculpture. 

Fig.  2.  Pecten  (Chlamys)  latiauriius  Conrad.  Collection  of  Deloe  Arnold.  Exterior 
of  right  valve;  altitude  25  mm.  San  Pedro  formation  (Pleistocene),  San 
Pedro,  Ij06  Angeles  County.  Known  also  from  the  lower  Pliocene  at 
Los  Angeles. 

Fig.  3.  Pecten  (Chlamys)  latiaiiritus  Conrad.  Collection  of  Delos  Arnold.  Exterior 
of  left  valve;  altitude  27  mm.     Same  locality  as  fig.  2. 

Fig.  4.  Pecten  {Pecten)  steamsii  Dall.  U.S. N.M.  148008.  Exterior  of  right  valve; 
altitude  87  mm.  San  Diego  formation  (Pliocene),  Pacific  Beach,  San 
Diego  County.     (See  PI.  XXXV,  fig.  2,  for  left  valve.) 

Fkj.  5.  Pecten  {Pseudamimum)  pedroanus  Trai^k.  U.S. N.M.  164840.  Exterior  of 
right  valve  and  young  left  valve;  altitude  of  former,  22  mm.  Lower 
Pliocene,  Third  street  tunnel,  Los  Angeles.  Also  found  in  beds  of 
supposed  Miocene  age  in  the  Puente  Hills  and  San  Pedro. 

Fio.  6.  Pecten  (Psendamimum)  pedroanm  Trask.  U.S. N.M.  164840.  Exterior  of 
imperfect  left  valve;  altitude  30  mm.     Same  locality  as  fig.  5. 

Fig.  7.  Pecten  (Chlamys)  parmeleei  Dall.  U.S.N. M.  154479.  T>T>e.  Left  valve; 
altitude 45 mm.;  about  five-sixths  natural  size.  Pliocene,  Pacific  Beach, 
San  Diego  County.     Also  known  in  Pliocene  of  Puente  Hills. 

Fig.  8.  Pecten  (Chlamys)  opuntia  Dall.  U.S. N.M.  107752.  Type.  Right  \-alve; 
altitude  33  mm.;  about  four-fifths  natural  size.  Pliocene,  Pacific  Beach, 
San  Diego  County.  Also  common  in  Pliocene  at  Santa  Barbara  and 
elsewhere  in  southern  California. 

Fig.  9.  Pecten  (Pecten)  merriami  Arnold.  California  State  Mining  Bureau.  Tj-pe. 
Exterior  of  imperfect  left  valve;  altitude  110  mm.  Pliocene,  Pirn 
Creek,  Ventura  County.  Characteristic  of  the  lower  Fernando  horizon 
(lower  Pliocene  or  upper  Miocene)  so  far  as  known.  Right  valve  convex, 
with  broader  squarer  ribs. 
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PLATE  XXXVII. 

Pliocene  Arcas. 

• 

FiQ.  1.  Area  camuloensis  Osmont.  California  State  Mining  Bureau.  Type.  Right 
valve;  altitude  89  mm.  Fernando  formation,  lower  Pliocene  or  upper 
Miocene,  1  mile  north  of  Camulos,  Ventura  County.  So  far  as  known  this 
species  is  characteristic  of  the  lower  horizon  of  the  Fernando  formation. 
Also  reported  from  the  Puente  Hills. 

Fig.  la.  End  view  of  same  specimen  as  fig.  1. 

Fig.  16.  Portion  of  surface  of  same  specimen  as  fig.  1,  enlarged,  showing  nodose  ribe. 
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PLATE    XXXVIII. 

Pliocene  Pelecypoda  and  Gasteropoda. 

(UnlosH  otherwise  stated  all  fibres  natural  size.) 

Fig.  1.  Area  mulHcostata  Sowerby.  U.S.N.M.  12574.  Right  valve;  longitude  101 
mm.  Recent,  San  Diego.  Found  in  the  lower  Pliocene  (Fernando 
formation)  in  the  Puente  Hills,  Orange  County,  and  in  the  vicinity  of 
Los  AngeU»8. 

F*iG.  2.  C^rfium  g?<^rif/<7uzn Mm  C<)nrad  var. /ernanJoerim  Arnold.  U.S.N.M.  164W7. 
Type.  Imperf(»ct  left  valve;  longitude  58  mm.  Lower  Pliocene  (Fer- 
nando formation),  Elsmere  Canyon,  near  Newhall,  Los  Angeles  (\)unty. 
A  common  variety  in  the  lower  Pliocene.  The  typical  form  with  44 
ribs  and  less  obliquity  is  found  in  the  Recent. 

Fig.  2a.  Same  specimen  as  fig.  2.    View  of  umbos  from  above. 

Fig.  3.  Area  trilineata  Conrad.  U.S.N.M.  164948.  Right  valve  of  modium-*»i7.ed 
specimen;  longitude  40  mm.  Same  locality  as  fig.  2.  A  common  species 
in  the  Pliocene  of  California.  Also  appears  to  extend  down  as  far  as  the 
middle  Miocene  (Monterey). 

Fig.  3a.  Same  specimen  as  fig.  3.     Umbos  and  hinge  area  viewed  from  alx)ve. 

Fig.  4.  Area  trilineata  Conrad.  Portion  of  an  adult  left  valve,  showing  the  tnore  com- 
plex sculpture  of  the  ribs  in  the  later  stages  of  growth;  altitude  60  mm. 
Same  locality  as  fig.  2. 

Fig.  5.  Leda  taphria  Ball.  U.S.N.M.  164952.  Right  valve;  longitude  36  mm.: 
twice  natural  size.  Same  locality  as  fig  2.  This  species  is  common  from 
the  Pliocene  to  the  Recent  fauna  in  the  California  province. 

Fig.  5a.  Same  specimen  as  fig.  5.     View  of  umbos  from  al)Ove. 

Fig.  6.  Neverita  reeluziana  Petit.     U.S.N.M.  164960.     Back  view;  latitude  25  mm. 
Same  locality  as  fig.  2.     A  common  species  from  the  Pliocene  to  the 
Recent  fauna;  also  pn)bably  occurs  in  the  Miocene. 
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PLATE  XXXIX. 
Pliocene  Brachiopoda  and  Pelecypoda. 

(All  figures  natural  size.) 

Fig.  1.  Ostrea  veaichii  Gabb.  U.S.N.M.  153827.  Exterior  of  valve;  altitude  90  mm. 
Lower  Pliocene,  San  Diego.  An  abundant  and  characteristic  species  in 
many  of  the  Pliocene  localities  from  southern  Califomia  to  Cerroe  Island, 
off  lower  Califomia. 

Fig.  2.  CaUista  (Amiantis)  callosa  Conrad.  U.S.N.M.  164953.  Imperfect  left  ^-alve: 
altitude  50  mm.  Lower  Pliocene  (Fernando  formation),  Elsmere  Can- 
yon, near  Newhall,  Los  Angeles  County.  Base  evenly  rounded  in  perfect 
specimens.     Common  from  Pliocene  to  Recent. 

Fig.  3.  Callista  subdiaphana  Carpenter.  U.S.N.M.  164951.  Imperfect  right  \'alve; 
longitude  41  mm.  Same  locality  as  fig.  2.  Abundant  in  the  Pliocene  and 
also  found  in  the  Recent. 

Fig.  4.  Terebratalia  smithi  Arnold.  U.S.N.M.  164977.  Pedicle  valve;  longitude  42 
mm.  Pliocene,  Temescal  Canyon,  3  miles  north  of  Santa  Monica,  Los 
Angeles  County.  Known  only  from  the  Pliocene.  A  somewhat  variable 
species. 

Fig.  4a.  Same  specimen  as  fig.  4.     Brachial  valve. 

Fio.  5.  Terebratalia  smithi  Arnold.  U.S.N.M.  164977.  Pedicle  valve;  longitude  29 
mm.  Same  locality  as  fig.  4.  More  prominent  ribbing  than  specimen 
shown  in  fig.  4. 

Fig.  5a.  Same  specimen  as  fig.  5.    Brachial  valve. 

Fig.  6.  Terebratalia  occidentalis  Dall.  U.S.N.M,  164996.  Brachial  valve;  longitude 
40  mm.  Same  locality  as  fig.  4.  This  species  is  most  variable,  as  i? 
evidenced  by  this  and  the  following  figures,  which  show  a  series  col- 
lected at  one  locality.  Found  in  the  lower  Pliocene  (and  possibly  upper 
Miocene). 

Fig.  7.  Same  species  and  locality  as  fig.  6.     Pedicle  valve;  longitude  29  mm. 

Fig.  7a.  Same  specimen  as  fig.  7.     Brachial  valve. 

Fio.  8.  Same  species  and  locality  as  fig.  6.     Pedicle  valve;  longitude  22  mm. 

Ficm.  8a.  Same  specimen  as  fig.  8.     Brachial  valve. 

Fig.  9.  Same  species  and  locality  as  fig.  6.  Pedicle  valve  of  a  less  rugose  variety; 
longitude  21  mm. 

Fig.  9a.  Same  specimen  as  fig.  8.     Brachial  valve. 
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PLATE  XL, 
Pliocene  Pelecypoda  axd  Gasteropoda. 

(IJnlosM  otherwise  stated,  all  figures  are  natural  size.) 

Fig.  1.  Mya  triincata  Linn^.  U.S.N.M.  164950.  Left  valve;  longitude  46  mm. 
Plioeene  (Fernando  formation),  Elsmere  Canyon,  ni»ar  Newhall.  Los 
Angel(«  County.     Found  also  in  the  Recent  fauna  of  the  Arctic  region.*. 

Fig.  2.  Trochita  Jilom  Gabb.  U.S.N.M.  164949.  Slightly  imperfwt  specimen 
viewed  from  above;  maximum  diameter  20  mm.;  twice  natural  size. 
Same  locality  as  fig.  1.     Also  found  in  the  upper  Miocene. 

Fig.  2a.  Same  8p>eciraen  as  fig.  2.     View  from  the  side. 

Fig.  3.  Fissiiridea  murina  Carpenter.  U.S.N.M.  164945.  Specimen  viewed  from 
above;  hmgitude  14.5  mm.;  twice  natural  size.  Lower  Plioi'ene,  Third 
street  tunnel,  Iajs  Angeles.  Also  found  in  the  Pleistocene  and  Recent 
fauna  of  the  coast. 

Fig.  3a.  Same  specMmen  as  fig.  3.     View  from  the  side. 

Fig,  4.  Canrellaria  fema7ido€7i8is  Arnold.  U.S.N.M.  164956.  Back  view  of  imperfect 
specimen;  altitude  17  mm. ;  twice  natural  size.  Same  locality  as  fig.  1 .  A 
similar  or  identical  form  was  found  in  the  Pliocene  of  the  San  Diego  well. 

Fig.  5.  Trilonium  sp.  U.S.N.M.  164954.  Back  view  of  imperfect  specimen;  alti- 
tude 20  mm.;  twice  natural  size.     Same  locality  as  fig.  1. 

Fig.  6.  Pwania /or/i«  Carpenter  ya,r.  angulata  .\rnold.  U.S.N.M.  164959.  Aperture 
view  of  imperfect  young;  altitude  30  mm.  Same  locality  as  fig.  1.  A 
rather  common  species  in  the  Pleistocene  and  Pliocene  of  central  and 
southern  California. 

Fig.  7.  Pisania  fortis  Carpenter  \SLr.  aiigulala  Arnold.  U.S.N.M.  164958.  Aperture 
view  of  imperfect  adult;  altitude  49  mm.     Same  locality  as  fig.  1. 

Fig.  8.  Cyprxa  fernandoensis  Arnold.  U.S.N.M.  164961.  Type.  View  from  back; 
longitude  40  mm.     So  far  known  only  from  same  locality  as  fig.  1. 

Fig.  8a.  Same  specimen  as  fig.  8.     Aperture  view. 

Fi(}.  9.  y^assa  hamlini  Arnold.  U.S.N.M.  164946.  T}T>e.  Aperture  view  of  imper- 
fect sptH'imen;  longitude  15  mm.     Same  locality  as  fig.  3. 

Fig.  10.  Chrysodomm  v(.  arnoldi  Rivers.  U.S.N.M.  164962.  Back  view  of  impi»rft>ct 
sptHMmen.  Same  locality  as  fig.  1.  Known  also  from  the  Pleistocene 
of  San  Ptnlro,  Los  Angek»s  County. 

Fig.  11.  Prierie  oregonensis  Redfield  var(?)  angelerms  Arnold.  U.S.N.M  164975.  Back 
view  of  imperfect  and  slightly  contorted  specimen;  longitude  71  ram. 
Same  locality  as  fig.  3.  Common  in  the  lower  Pliocene  of  the  Pa<'ific 
coiist.     It  is  tlie  precursor  of  the  Recent  Priene  oregonen^  Redfield. 

Fig.  12.  Myrex  ehlridgei  ArnoUL  U.S.N.M  164955.  Type.  Back  view;  longitude 
24  mm.;  twice  natural  size.  Known  only  from  the  same  locality  as  fig. 
1.     Near  the  Re<*ent  M.  inrisa  Broderip. 

Fig.  13.  Pecten  (Chlamys)  hastatus  Sowerby  war.  stmt egus  Dall.  ColU*ction  of  Deli>5 
Arnold.  Left  valve;  altitude  36  mm.  Pliocene,  Santa  Barljara. 
Also  found  in  the  Pliocene  of  southern  California. 

Fic.  14.  Pecten  (Chlamys)  beUilameUatus  Arnold.  Type.  Right  valve;  altitude  1^ 
mm.  Pliocene,  Pacific  Beach,  San  Diego.  Known  only  from  thi.>* 
horizon  at  this  locality. 
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PLATE  XLI. 

Tertiary  Turritellas. 

(AH  figures  natural  size.) 

Fig.  1.  Turritdla  pachecoerms  Stanton.  U.S.N.M.  165002.  Back  view  of  imperfect 
specimen;  altitude  59  mm.  Eocene,  Rock  Creek,  Loe  Angeles  County. 
This  species  is  supposed  to  be  characteristic  of  the  Martinez  formation 
(lower  Eocene.) 

Fig.  2.  Turritella  uvasanaCowrdud.  U.S.N.M.  164974.  Wax  cast,  back  view;  altitude 
41  mm.  Sespe  Canyon,  Ventura  County.  Supposed  to  be  character- 
istic of  the  Tejon  formation  (middle  Eocene). 

Fig.  3.  Turritella  uvasana  Conrad.  U.S.N.M.  165004.  Back  view  of  imperfect,  speci- 
men; altitude  44  mm.    Eocene,  Rose  Canyon,  San  Diego  County. 

Fig.  4.  Turtridla  ineziana  Conrad  (-f  T,  hoffmanni  Gabb).  U.S.N.M.  164964.  Lower 
Miocene,  supposed  equivalent  of  the  Fourfork  formation,  Chaffee  Can- 
yon, southwest  of  Piru,  Ventura  County.  Supposed  to  be  characteristic 
of  the  lower  Miocene;  found  from  San  Mateo  to  San  Diego  counties. 

Fig.  5.  Turritella  ineziana  Conrad.  U.S.N.M.  164969.  Back  view  of  imperfect  speci- 
men; altitude  36  mtd.  Tar  Creek,  north  of  Fillmore,  Ventura  County. 
Common  in  the  Vaquers  formation,  but  good  specimens  are  hard  to 
obtain. 

Fig.  6.  Turritella  ineziana  Conrad  var.  sespeensis  Arnold.  U.S.N.M.  164970.  Type. 
Aperture  view  of  imperfect  specimen;  altitude  34  mm.  Same  locality 
as  fig.  5. 

Fig.  7.  Turritdla  ocoyana  Conrad.  U.S.N.M.  164990.  Back  view  of  imperfect  large 
specimen;  altitude  60  mm.  Topanga  Canyon,  3  miles  south  of  Calabasas, 
Los  Angeles  County.  Supposed  to  be  characteristic  of  the  lower  Miocene. 
Common  in  central  and  southern  California. 

Fig.  8.  Same  species  and  locality  as  fig.  7;  altitude  58  mm. 

Fig.  9.  Same  species  and  locality  as  fig.  7;  altitude  32  mm.;  upper  whorls. 

Fig.  10.  Turritdla  variola  Conrad,  U.S.N.M.  164991.  Back  view  of  imperfect  speci- 
men; altitude  34  mm.  Same  locality  as  fig.  7.  Supposed  to  be  charac- 
teristic of  the  lower  Miocene;  so  far  known  only  in  Fresno  County  and 
south.  , 

Fig.  11.  Same  species  and  locality  as  fig.  10.     Slender  variety;  altitude  59  mm. 

Fig.  12.  Same  species  and  locality  as  fig.  10.     Broad  variety:  altitude  43  mm. 

Fig.  13.  Turritella  cooperi  Carpenter  (\qx.1)  femandoensis  Arnold.  U.S.N.M.  164957. 
Type.  Aperture  view  of  imperfect  specimen;  altitude  31  mm.  Lower 
Pliocene,  Fernando  formation,  Elsmere  Canyon,  near  Newhall,  Los 
Angeles  County.  A  common  form  in  the  lower  Pliocene  of  southern 
California. 

Fig.  14.  Turritella  cooperi  Carpenter.  Collection  of  Delos  Arnold.  Aperture  view 
of  typical  form.  Lower  Pleistocene,  lower  San  Pedro  formation,  Dead- 
man  Island,  San  Pedro,  Los  Angeles  County.  Common  in  the  Pliocene 
and  lower  Pleistocene  from  Ventura  County  southward. 

Fig.  15.  Turritella  jewetti  Carpenter.     Collection  of  Delos  Arnold.    Typical  form, 
aperture  view;  altitude  70  mm.     Same  locality  and  horizon  as  fig.  14; 
g(x)logic  and  geographic  range  also  about  the  same. 
254 


Digitized  by  VjOOQIC 


U.   5.   GEOLOGICAL  SURVEY 


BULLETIN    NO.   309      PL.  XLI 


Digitized  by  VjOOQIC 


\..' 


Digitized  by  VjOOQIC 


INDEX. 


Figures  in  italic  denote  illustrations  of  fossils. 


A. 


Page. 


Acknowlodgments  to  those  assisting 1, 

102,138,203 
Acmaea  pelta  Eschscholtz 27 

sp 17 

Action  (Hictaxis  I  punctocoelata  Carpenter.  37 
Adams  Canyon,  fossils  near 20 

oil  wells  in; 4,42,45 

oil  of,  analyses  of 209,211,212 

rocks  in 43,49 

Agasoma  barkerlanum  Cooper 147 

kemianum  Cooper 147 

Aliso  Canyon,  oil  wells  in 4,42,46,40 

Amauropsis  alveatus  Conrad iti 

Amiantis  callosa  Conrad 25,f60 

Amusium  lompocensis  Arnold iSO 

Analyses  of  oil 209-217 

methods  of 206-208 

Anatlnasp 11 

Angalus  buttoni  Dall 27 

Anomia  lampe  Gray 27 

Antisell,  Thomas,  explorations  of 138. 139 

on  bituminous  effusions 140 

Area 


247 

camuloensis  Osmont 24,146 

labiata  Sowerby 26 

muiticostata  Sowerby 107,162,A<« 

montereyana  Osmont 146 

triUneata  Conrad : 26, 107,  f-^ 

Arnold.  Ralph,  bibliography  compiled  by.  199-202 

fossils  determined  by 12, 14, 17,25, 26 

on  fossils  of  oil-bearing  formations. . .  219-264 

on  l-ros  Angeies  oil  field 138-198 

on  physical  and  chemical  properties  of 

southern  California  oils 203-218 

Asphaltum,  description  of 13&-141 

Asiarte  sp '. 162 

Astrodapsis  whitneyi  Conrad 26 

Astyris  gausapata  Gould 27,107 

gausapata  var.  carinata  Hinds 27 

richthofeni  Gabb 26 


B. 


Balanua concavus  Bronn 13,27,2,^6 

sp 14 

Baptist  College  area,  oil  wells  in,  geology 

of 175-178 

oil  wells  in,  records  of . . .  1 177, 178 

Bard  Oil  and  Asphalt  Co.,  wells  of 46 

Bardsdale  Crude  Oil  Co.,  wells  of 10, 78, 79 

Bardsdale  oil  field,  gas  in 79 

geology  and  structure  of 76-79 

location  of 76 

oil  wells  of 79-80 

oU  of,  analyses  of 209,211,212,214-215 


Page. 

Barlow's  ranch,  fossils  from -27 

Basalt,  occurrence  and  description  of 150 

Basement  rocks,  character  and  distribution 

of 5 

oil  in 5 

Bibliography  of  southern  California  oils. .  19(^202 
Big  Sespe  Canyon,  location  of 4 

See  also  Sespe  oil  fields. 

Bison  sp 164 

BltUum  asperum  Gabb 26,27,163 

sp 147 

Bitumen,  description  of 139, 140-141 

Biake,  W.  P.,  explorations  of 138 

on  oil 139 

Brea,  occurrence  and  description  of 134, 

13^141, 164-156, 167, 187, 194 
Brea  Canyon  field,  geology  of 120-121 

location  of 120 

oU  wells  of 123-125,133 

oil  of.  analyses  of 210, 212, 213-215 

structure  of 121-123 

tankage  in 134 

view  of 120 

Brea  Canyon  Oil  Co.,  wells  of 123-124 

wells  of,  oil  of,  analyses  of 210,212,213 

Brea  Ridge,  rocks  on 106,125 

Brush  Mountain,  rocks  of 34 

structure  at 34 

Bucdnum  sp 152 

Buckhom  Oil  and  Transportation  Co.,  wells 

of 69 

wells  of,  oil  of,  analyses  of 209,211.212 

Bulla  punctulata  A.  Adams 107 

Bulla  wells,  rocks  near 1 13 

Bulloidsp 24 

Burrows  &  Sons,  oil  wells  of,  oil  of,  analyses 

of 209,211,212 


Cadulus  f usiformis  Sharp  and  Pilsbry 27 

Cahuenga  Pass,  rocks  at  and  near 160 

Calabasas,  fossils  near 147 

California,  index  map  of  southern  part  of , .         2 
oil  of.    See  on. 

California  Oil  Co.,  well  of 98 

Calliostoma  costatum  Martyn 107, 153 

sp 26,147 

CalUsta  (Amiantis)  callosa  Conrad SSO 

diabloensis  Anderson 147 

subdiaphana  Carpenter 24, 25,  SSO 

Camulos,  fossils  near 24 

Cancellaria  condoni  Anderson 147,226 

femandoensis  Arnold 25,252 

tritonidea  Gabb 27,153 

sp 24,107 
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Canis  indianensis 154 

sp 164 

Carcharodon  rectus  Agassis 153 

Cardium  brewerll  Gabb Hi 

cooperl  Gabb US 

corbls  Conrad 26,107 

procerum  Sowerby 26 

linteum  Conrad 11 

quadrigenarium  Conrad  var.  fernando- 

ensis  Arnold 25.27,107,;?^ 

sp 17,24,147 

Castac  Creek,  character  of 3 

Central  field,  development  of 158-160, 172 

geolog:>'  of 165-170 

location  of 165 

oil  wells  of 167-169,172 

oU  of ,  analyses  of 210.211,213 

records  of 108, 109 

section  across,  figure  showing 171 

structure  of 170-171 

topography  of 165 

view  of 168 

Central  (Ml  Co..  pipe  linejof 135 

wells  of 101 

oil  of,  analysis  of 210, 212, 213 

view  of.  Murphy  wells  arid 112 

Cerithidea  callfomlca  Haldeman 153 

Cerithlum  topangensls  Arnold 147, $2C 

ChaiTeo  Canyon,  fossils  from 17 

rocks  of .J 80 

Chaffee  sy ncline,  description  of 80-81 

Chama  exog>'ra  Conrad 163 

Chandler  wells,  location  of 114 

Chino  field,  location  of 132 

oil  in 110,132 

Chino  on  Co.,  wells  of 132 

Chione  fluctif raga  Sowerby 107 

mathewsoni  Gabb 26 

succincta  Valenciennes 27 

temblorensis  Anderson 14,147,^5;? 

whitno>i  Gabb 26 

sp 14,146 

Chlamys  liellllamellatus  Arnold g62 

calkinsi  Arnold 224 

hastatus  Sowerby  var.  strategus  DalL.      25g 

latiauritus  Conrad S44 

opuntia  Dall i^ 

parmeleel  Dall 2^ 

sespeonsis  Arnold SS4,238 

wattsii  Arnold 242 

Chlorostoma  (Omphalius)  dalll  Arnold 147 

dalli  var.  inornatus  Arnold gS6 

var.  subnodosus  Arnold 836 

funebrale  A.  Adams 27 

sp 24 

Chorus  iH'Icheri  Tlinds ' 26,27 

Chrysod6mus  amoldi  Rivers 25,26S  | 

sp 24 

Clampitt.  E.  A.,  oil  well  of,  oil  of,  analysis 

of 210,211,213 

Clathurellaconradiana  Gabb 153  | 

Clldlophora  punctata  Conrad 26 

Cold  water  anticline,  location  of 31,51,54 

oil  in 33, 54 

rocks  in 7,8,65  . 


Col^rove,  breanear 154 

oilfield  near m 

wells  of.  geology  of 182-lM 

records  of 183-1S4 

Columbella  ( Astyris)  gausapata  Goold 27 

var.carinata  Hinds 27 

Columbia  Oil  and  Producing  Co.,  wells  of. .  30. 12S 

wells  of,  oil  of,  analyses  of 210,212,213 

Columnar  section,  figure  showing 144 

Consolidated  Cnide  Oil  Co.,  well  of,  oil  of, 

analysis  of 210.211,213 

Conus  callfomlcus  Hinds 24, 107 

sp 24 

Cooper,  U.  N.,  analyses  of 209-213 

on  methods  of  analyses  of  oil 205-20S 

Cooper,  .T.  G.,  fosfdls  determined  by 11,26.152 

Corbula  luteola  Carpenter 153 

sp 11.24 

Correlations,  table  of 143 

Coyote  Hills,  rocks  in 106,109 

Coyote  Hills  anticline,  description  of 109 

Cracks,  joint,  occurrence  of 157 

Crepidula  adunca  Sowerby 27 

princeps  Conrad 2S.153 

rugosa  Nuttall 27.107 

Crown  King  well,  location  of 75 

Cr>T)toyma  callfomlca  Conrad 25, 26, 27, 153 

Crystalline  schist,  oil  in 100-101 

Cylichnaalba  Brown 27 

costata  Gabb tU 

'  sp 147 

Cypnea  femandoensls  Arnold SU 

D. 

Davis  and  Harrison,  oil  wells  of.  oil  of, 

analyses  of 210,211,213 

Dentalium  cooperi  Gabb 11 

hexagonum  Sowerby 27 

neohexagonum  Sharp  and  Pilsbry 107 

scmipolitum  Broderlp 26 

sp 14,107 

Devils  Gate,  oil  wells  near 54-55 

Dcwitt  Canyon,  oil  wells  in 4,95 

Diabase,  occurrence  of 106 

Diplodonta  orbella  Gould 153 

Dolichotoma  carpenterlana  Ga  bb *.       25 

keepl  Arnold W.iSt^ 

Donax  lievigata  Deshaycs 27 

Doslnia  ponderosa  Gray 24,147,*W 

sp 17 

DrUlia  hemphiUi  Steams. 27 

inermis  Hinds 27 

inermls  var.  penictllata  Carpenter 27 

sp 147,1S3,«W 

E. 

East  Canyon,  oil  wells  In 96 

Eastern  field,  development  of 150,164-165 

geology  of 1»-162 

location  of 160 

oU  wells  of 160-162,164-165 

oil  of,  analyses  of 210,211,213 

records  of 162 

structure  of 163-164 

topography  of 1® 

view  of. lfi» 
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Echlnarachniusexcentricus  Eschscholtz .  24, 26, 27 

Echinoldea £31,233 

Edgemont.  rocks  near 145, 146 

Kldridge.  G.  H.,  fossils  coUected  l)y 26 

on  Puente  Hills  oil  district 102-137 

on  Santa  Clam  Valley  oil  district 1-101 

work  and  death  of xl,  138. 141-142 

Elephas 154 

Elkin's  ranch,  fossils  near 17 

Elsmere  anticline,  description  of 97 

oil  in 98 

Elsmere  Canyon,  fossils  from 25 

oil  wells  in 99 

oU  of.  analyses  of 209-21 1, 213 

Elsmere  oil  field,  geology  and  structure  of. .  97-98 

location  of 4, 96 

weUsof 98-101 

oil  of,  analyses  of 214-215 

view  of 48 

Elsmere  Ridge,  oil  wells  on 99 

view  of 48 

Elyslan  Park  anticline,  description  of .  155-156, 163 

oil  In I!ity-157 

Elysian  Park  hiUs,  rocks  of 145-146, 1 49, 160 

Empire  Oil  Co.,  wells  of 50 

Enterprise  well,  data  on 97 

Eocene  fossils .' 223,225 

Equus 154 

Eulima  mlcans  Carpenter 27 

hastata  Sowerby 27 

Eureka  Canyon,  oil  field  in,  geology  and 

structure  of 80-86 

oil  field  in,  location  of 80 

wells  of 4, 87-89 

logof .• 88 

rocks  In 81-83 

Eureka  Ridge,  rocks  of 82 

F. 

Faults,  occurrence  of 29,30-31,34,36 

See  also  particular  districts. 

Fernando  formation,  age  and  character  of..  22-23, 

106, 150-152 

correlation  of 22,23,24 

distribution  of. ...  22-23,43,49,62-53,66-68,75. 
77-78, 81-84, 91-93, 97, 106, 113, 115, 1 18, 
120-123,125-131,144,  162,  173-174.  186 

fossils  of 23-28,107,162 

oU  In 45,86.98.99,110-113,115,126.193 

Fernando  Pass,  fossils  from , 25 

Ftssuridea  murina  Carpenter 107, 152, 252 

Foot-of-the-lliii  weUs,  data  on j% 58  60 

fossils  near 13 

map  of 59 

Fortuna  wells,  data  on 69-70 

map  of 70 

view  of 70 

Fossils,  character  and  distribution  of 11-17. 

24-28, 107, 146-148.*  1.'>2-1.'>3, 219-220 
plates  showing 223-255 

Fourfork  Creek,  oil  wells  on 12. 60-61 

oil  wells  on,  map  of 60 

rocks  on 13 

Fourfork  wells,  oU  of,  analyses  of 216-217 

Freeman  and  Nelson,  oil  wells  of 98, 100 


Paga 
Fryers  Peak,  section  through,  figure  show- 
ing        92 

Fufii,  use  of  oU  for 135,204 

FuUerton  OU  Co..  weUs  of 128 

Fusus  barbarensls  Trask 107 

remondli  Gabb 224 

rugosus  Trask 24 

sp 14,147 


Galerus  inomatus  Gabi> 26 

Garberson  Canyon,  prospecting  in 4 

weUln 79-80 

Gas,  analysis  ot 204 

occurrence  of. 134 

Gas  making,  use  of  oil  for 204 

Gasteropoda 107, 

147, 225, 229, 2SS,  235, 297, 239. 21,9, 253 

Geologic  formations,  correlation  table  of . . .  143 

descriptions  of 4-29. 103-107, 14^-155 

Geologic  maps.    See  Map,  geologic. 
Geology.    See  Geologic  formations:  Struc- 
ture; particular  oil  fields, 

Glycjmieris  barbarensls  Conrad 153 

intermedia  Broderip 26 

veatchll  Gabb  var.  major  Stanton 224 

sp 147 

Goat  Mountain,  fossils  from 26 

Graham- Loftus  Oil  Co.,  wells  of 129, 130 

Granite,  occurrence  and  description  of 145 

Granitic  basement,  character  and  distribu- 
tion of 5 

oilln 5 

Grimes  Canyon,  fossils  near 17 

oil  wells  in 4 

rocks  in 78 


H. 


Hamlin,  Homer,  Fernando  formation  named 

by 22 

fossils  determined  by 152 

Happy  Thought  wells,  data  on 58 

Hinnites  giganteus  Gray 17.153,.2iJ« 

Hipponyx  cranioides  Carpenter. 26 

Holser  anticline,  description  of 67-68 

oUln 68 

Holser  Canyon,  oil  wells  in 75 

Home  Oil  Co.,  wells  of,  oil  of,  analysis  of. . .     210, 

212,213 

rocks  near 1 12, 113 

Hoover  street,  Los  Angeles,  section  along, 

figure  showing 175 

Hopper  anticline,  description  of 64 

oilin 67 

Hopper  Canyon,  oil  wells  in 4, 

34-35,65.68-70 

oil  wells  In,  oil  of,  analyses  of 20,211.212 

rocks  in 18.53 

structure  at 32 

views  in 2, 70 

Hopper- Plru  oil  fields,  faults  in 65 

location  of 4.  (M 

oil  wells  of VA  (Vi 

structure  of 68-75 
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I  vers  anticline,  location  of 51, 56 

oil  wells  on J       51 

Ivers  wcUs,  data  on. 55-56 

location  of,  map  showing 55 

K. 

Kellia  Buborbicularls  Montague 153 

Kentuck  wells,  data  on 56-58 

location  of,  map  showing 57 

oil  of,  aniMysis  of 216-217 

structure  at 33,56-^57 

L. 

La  Brpa  Rancho  Oil  and  Asphalt  Co.,  well  of, 

oil  of,  analyses  of 210.211.213 

La  Habra  Canyon,  oil  field  in,  geology  of. .      115 

oil  field  in,  location  of 115 

structure  of 116-117 

weUsin 117 

oil  of,  analyses  of 210, 211, 213 

rocks  in 106 

Lacuna  compacta  Carpenter. . . . : 27 

solidula  Loven 26 

sp 27 

Lsevicardium  centifiiosum  Carpenter 26 

Lake  Shore  avenue,  Los  Angeles,  section 

along,  figure  showing 171 

Langdell,  Newmark  and  Roan,  oil  wells  of.       40 

Laqueus  callfomlcus  Koch 153 

Laughlins  Hill,  rocks  of 150 

Leda  gabbi  Conrad 11 

taphrlaDaU 24, 107, 146, 5<« 

sp 11.14,27 

Lima  hamlini  Dall 152 

Lion  Canyon,  bitumen  in 29 

oil  wells  in 40 

rocks  in 9-10, 28-29 

Lion  Canyon  fault,  location  of 38 

Lion  HiU,  faults  at 38 

oil  wells  on 40 

rocks  in 38 

Literature  on  southern  California  oils 199-202 

Lithophagus  piumula  Reeve 153 

Little  Sespe  Creek,  canyon  of,  oil  wells  in. .         4 
canyon  of,  oil  wells  in,  oil  of,  analyses 

of 209,211,212 

fossils  on  and  near 13 

oil  wells  on 68 

map  showing 50 

rocks  on 13 

See  also  Sespe  oil  fields. 

Littorina  scutulata  Gould 27 

Los  Angeles,  fossils  in  and  near 147, 152-153 

oil  in  and  near.    See  Los  Angeles  oil  dis- 
trict. 

rocks  near 148 

Los  Angeles  anticline,  description  of 184-185 

Los  Angeles  district,  brea  In 139-141, 153-154 

columnar  section  in,  figure  showing 144 

correlation  In 143 

explorations  in 138-142 

folds  and  faults  in 155-157 

future  development  of 196-197 

geologic  formations  in 143-155 

map  showing 144 


ftige. 
Lofl  Angeles  district,  lagoon  in,  view  of .     .      188 

location  of 142 

map  of 158 

Miocene  sandstone  In,  view  of 166 

oUof 203-217 

analyses  ol 210-2 17 

gravity  of 203 

oil  derricks  in,  removal  of 159-lCO 

oil  fields  of 156-157 

descriptions  of 158-195 

development  of 158-ieo 

location  of 158 

oil  prospects  in  southwest  and  west  of .      197 

oU  weUs  of 162, 167-iaO,  174-184, 1S7-193 

location  of ,  map  showing 158 

Pliocene  sandstone  in,  view  of 188 

prod  uctlon  of 198 

sections  in,  figures  showing 171, 

175,178,181,180 

storage  In 198 

structure  of 155-157 

sections  of,  plate  showing 162 

topography  of 142-143 

transportation  of  oil  in 198 

See  also  Central,  Eastern,  Western,  and 
Salt  Lake  fields. 
Los  Angeles  Pacific  Rwy.  Co.,  wells  of.  oil  of. 

analyses  of 209,211,212 

Los  Angeles  Rwy.  Co.,  well  of,  oil  of,  analy- 

•      sesof 210,211,213 

Los  Angeles  River,  oil  prospects  east  of 196 

Los  Angeles  wells.      See  Foot-of-the-HUi 

wells. 
Lower  Ojai  Valley,  section  across,  figure 

showing. 9 

See  also  Ojai  Valley. 

Lunatla  lewisll  Gould 24,16 

Lyon.  L.  H.,  wells  of 71 

Lyons  anticline,  description  of 65-66 

oUln 67 

Ly  ropecten  ashleyi  Arnold HO 

bowersl  Arnold ^W 

crassicardo  Conrad ^4 

estrellanus  Conrad tS8 

magnolia  Conrad *«* 

vaughani  Arnold *W 


Macintosh  well,  oil  of,  analyses  of 216-217 

McKIttriok  district,  oil  wells  of W9 

Macoma  indentata  Carpenter. 25 

lnquinat«  Deshayes 153 

nasuta  Conrad 27,147.153 

secta  Conrad 24 

sp 25,26,27,152 

Macron  merriami  Arnold 147,f«8 

Mactra  caUfomica  Conrad 153 

catilliformis  Conrad 2' 

hemphiUlDaU 25 

Maltman  well,  oil  of  analyses  of. 216-217 

Mangilia  angulata  Carpenter 2: 

sp 

Maniey  (M.)  &  Co..  oil  weU  of,  oil  of,  analy- 
sis of 210,211,213 

Map  of  Los  Angeles  district *58 
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Msp  of  Puente  HUls  dlstrlot 110 

of  Santa  Clara  Valley 36 

Map.  geologic  of  Los  Angeles  district 144 

of  PuenteHllls 102 

of  Santa  Clara  Valley Pocket. 

Map,  index,  showing  location  of  oil  fields. . .         2 

lUxgaritasp 26 

lUtlliJa  Creek,  hot  springs  on 3 

Menges  OU  Co.,  weUsof 123,124 

Meretrix  californiana  Conrad 11 

homUOabb BBB 

Iferriam,  J.  C,  fossils  determined  by 24 

on  Fernando  fossils 23 

on  Los  Angeles  biea  fossils 154 

Metis  alta  Conrad 24,26,107 

Miocene  basalt,  occurrence  and  description 

of 150 

Miocene  fossils m,t29,9Sl,9SS,tSS,9S7,gS9 

Miocene  sandstone,  views  of 166 

Mltra  maura  Swainson 26, 153 

Modelo  anticline,  description  of. 64-65, 71-72 

location  of 32,34 

oUln 34-35,65,67,60 

Modelo  Canyon,  bitomen  in 20 

oil  wells  in 4,18,65,71-74 

oil  of,  analyses  of 209, 211, 213-215 

records  of 73 

view  in. 70 

rocks  in 18,64-65 

Modelo  formation,  bitumen  in 20 

homing  of 22 

character  of. 17,20-21 

correlation  of 18, 20-22 

distribation  of 17-21, 

37, 42-43, 47, 49, 53, 62-63, 64-67, 77, 81-86 

faults  in 37,44 

fossils  in 20,37 

Monterey  formation  and,  relations  of. . .       17 

oU  In 18,20,34, 40, 41, 45-46, 69, 71-74, 86 

sul)di visions  of,  description  of 18-20 

Vaqoeros  formation  and,  relations  of.  13, 19-20 

Modelo  OU  Co..  wells  of 34,72-74 

wells  of,  logs  of 73 

oil  of,  analyses  of 209,211,213 

view  of 70 

Modelo  sjmcline,  location  of 32 

Modiolus  fomicatus  Carpenter 27 

Modiolus  omatus  Gabb 222 

rectus  Conrad 25, 26, 107 

sp 12.27 

Monia  macroschisma  Dall 25 

Monoceros  engonatum  Conrad 27 

lagubre  Sowerby 26 

Monterey  formation,  correlation  of  Modelo 

and 18,20-21 

correlation  of  Puenteand 105 

fossils  in 21 

Moiio  (Sconsia)  tnberculatus  Oabb 2g^ 

Murex  eldridgei  Arnold 25,e6S 

monoceros  Sowerby 26 

Murphy  Oil  Co..  pipe  Une  of 135 

weUsof -. Ill 

oil  of,  analysis  of 204 

view  of  Central  wells  and 112 

Mjft  trancata  Unn« 25,$6i 

Bull.  30»-O7 18 


Page. 

Mylodon  sp 154 

Mytlius  mathewsonli  Oabb  var.  expansus 

Arnold U,,l7,lA7,gSi 

N. 

Nassa  califomlana  Conrad 24,26,27, 153 

cretacea  Gabb u 

fossata  Gould 27, 107, 153 

hamlini  Arnold IS2,258 

mendlca  Gould 27, 163 

var.  cooperi  Forbes 26 

perpinguis  Hinds 26, 27, 107, 153 

sp 14 

Natica  sp 1 47 

NesBra  dolabriformls  Gabb 11 

Neptunea  altlspira  Oabb 26 

humerosa  Gabb 25 

NetUeton  and  Kellerman.  oil  wells  of 98, 99 

Neverita callosa  Gabb 147,^5^ 

recluziana  Petit 25, 28. 107, 152, 153,  S48 

var.  alta  Dall 28 

sp 14,147 

New  Camulos  well,  location  of 75 

New  Century  Oil  Co..  oil  wells  of 98, 100 

New  England  Oil  Co.,  wells  of 117 

rocks  near 116 

Newhall,  rocksnear 22 

wells  near,  location  of,  map  showing 100 

view  of 48 

Newhall  district,  subdivisions  of 90 

Newhall  well,  dataon 96 

Nigger  anticline,  location  of 35 

oil  wells  on 35 

Nigger  Canyon,  oil  wells  in 4,71 

Nordhoff,  location  of 36 

oil  wells  near 39, 40 

North  Whittler  Oil  Co.,  wells  of 114-115 

Nucula  castrensis  Tlinds 24 

solitaria  Gabb 11 

truncata  Gabb 11 

sp M 24 


Oak  Ridge,  elevation  of 3 

fossils  on 17 

oil  wells  on 4 

rocks  of 10, 15, 20-22, 53, 78-79, 85 

view  of 46 

Oak  Ridge-South  Mountain  anticline,  de- 
scription of 77-79 

oil  wells  on 79-80 

Oat  Mountain,  rocks  on 13, 63 

structure  of 31, 63 

Odnebra  lurida  Middendorf 153 

topangensis  Arnold 147,  iSt 

Odostomla  gouldli  Carpenter 28 

nuciformls  var.  avellana  Carpenter 28 

tenuis  Carpenter 28 

Ohio,  oil  of,  composition  of 204 

Oil,  associates  of 134 

analyses  of 209-217 

methods  of 205-208 

character  of 133,203-217 

See  also  particular  weli9. 
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Oil.colorof 203 

composition  of 204 

geologic  relations  of 109-110. 132-133 

gravity  of 203 

occurrence  of,  north  of  Santa  Clara  River  32-35 

prices  of 135 

production  of 136, 108 

products  of 206 

storage  and  transportation  of 134-135, 198 

uiilization  of 135-136. 204 

Oil  companies,  list  of 1.T7, 195 

Oil  fields,  descriptions  of . . .  36-101, 110-132, 158-198 

location  of 4,36,110,158 

map  showing 2 

OU  refineries,  Ust  of 218 

products  of 205, 218 

Oil  wells,  location  of,  maps  showing. . .  36, 110, 158 
yield  of 133-134 

Ojal  Oil  Co..  wells  of 48 

OJal  Valley,  description  of 3 

faults  in 3, 30-31, 36-39 

fossils  in 14,21,37 

oil  fields  In,  description  of 36-42 

location  of 4, 36 

oil  of,  analyses  of 209,211,212,214-215 

rocks  In 9, 13-15, 20, 29 

structure  of 30-31, 36-39 

See  also  Upper  Ojal  Valley;  Lower  Ojal 
Valley. 

OUnda  field,  fault  in 126 

geology  of 104, 125 

section  showing 130 

location  of 125 

oilweUsin 131-133,203 

oil  of,  analyses  of 210, 212, 213-216 

structure  In 126-131 

plate  showing 130 

tankage  in 134 

view  of 124 

Olivella  blpUcata  Sowerby 28 

intorta  Carpenter 25, 26, 28 

ped  roa^pi  Con  rad 28 

sp 27 

Omphalius  dalli  var.  Inomatus  Arnold ff9 

dalli  var.  subnodosus  Arnold SMS 

Ostrea  eldridgel  Arnold 17,«50 

Idriaensls  Gabb 12 

titan  Conrad 17,147,AM,jftW 

veatchll  Gabb ;.  24, 107, 152, 153 

sp 14 

Oxyrhlna  plana  Agassis 153 

tumula  Agassiz 153 


Pachypoma  sp 24 

Aclfic  Coast  Oil  Co.,  wells  of 94, 96, 98, 99 

wells  of,  oil  of,  analyses  of 209-211, 213 

Paleontology.    See  Fossils. 

Panopea  generosa  Gould 17, 25, 26, 146 

Park  Crude  Oil  Co.,  well  of,  analysis  of 210, 

211,213 

Parke,  J.  O.,  explorations  by 139 

Pasadena,  fossils  from 146 

Patlnopecten  caurinus  Gould iJU 

healeyl  Arnold 84O 


Peari  Oil  Co.,  wens  of 98-O0 

wells  of,  oil  of,  analysis  of 209,211,213 

Pecton i41,t4S,i4S 

(Lyropefcten)  ashleyi  Arnold 152.  t40 

auburyl  Arnold lS3,i4S 

beUur  Conrad 24,£4£ 

(Lyropecten)  l>owersl  Arnold 147, £09 

(Patlnopecten)  caurinus  GouM 25,  £44 

(Chlamys)  calklnsi  Arnold 11.2&4 

(Plagioctenium)  oerrosensis  Gabb 2i,B4£ 

(Plagloctenlum)  drcularis  Sowerby t4S 

(Lyropecten)  crassicardo  Conrad. .  14, 147,134. 

(Lyropecten)  estrellanus  Conrad t^S 

var.  catalinte  Arnold 25 

(Hinnltes)  giganteus  Gray \7,i3G 

(Cblamyn)  hastatus  Sowerby  var.  strate- 

gusDall i39 

(Patlnopecten)  healeyl  Arnold 25, 153,  B40 

(Propearousium)  Interradlatus  Gabb..  I!,f24 

(Chlamys)  latiauritus  Conrad ^Sa,t44 

var.  monotlmeris  Ck>nrad 28 

(Amusium)  lompooensis  Arnold 14,tSO 

(Lyropecten)  magnolia  Conrad 14,  tSS 

raartinezensis  Gabb 11 

merriaml  Arnold 24^244 

miguelenais  Arnold 147 

(Cnilamys)  opuntia  Dall l^t<44 

(Chlamys)  parmeleei  Dall 25,£44 

(Pseudamuslum)  peckhami  Gabb. .  21, 106.  tS4 

(Pseudamuslum)  pedroanus  Trask 21, 

105, 147, 153,  £^ 
(Chlamys)  sespeensis  Arnold ...  12, 13,  tS4,  MSS 

var.  hydel  Arnold 13. 17 

steamsliDall lS2,lSS,t4f,f44 

(Lyropecten)  vaughani  Arnold 14.  tSS 

vogdrsi  Arnold t4i 

(Chlamys)  wattsii  Arnold Afrf 

Pelecypoda 107,147,J«5,««.tf7, 

Pennsylvania,  oil  of,  composition  of 204 

Periploma  discus  Steams 153 

Petricolacardltoldes  Conrad 1S3 

Petroleum.    See  Oil. 

Phacoldes  acutlUneatus  Conrad 25,107.146 

califomlcus  Ck>nrad 107.153 

chlldreni 147 

nuttallil  Conrad lOf? 

richthofeni  Gabb 107, 147.£» 

sp 14,17.24 

Pholadidea  penita  Conrad 27 

Pico  anticline,  description  of 00-OQ 

location  of 30 

oil  wells  in «,96 

view  of 00 

Pico  Canyon,  oil  wells  in -4,94-96 

oil  wells  in,  oil  of,  character  of 4 

oil  of,  analysesof 200. 

211,213,216-217 

overtumin,  view  of go 

rocks  in 17 

views  In 90 

Pico  oil  field,  geology  and  stractme  in 90-M 

location  of 90 

subdivisions  of 93-04 
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Pico  oU  field,  weUs  in 94-96,203 

Pine  Mountain,  elevation  of 2 

Pioneer  well,  data  on 100 

Pipe  lines,  length  and  distribution  of 135, 198 

Pirie  ranch,  oil  wells  at 39-40 

Plru  Creek,  canyon  of,  Fernando  fonnation 

at 23 

canyon  of,  oil  wells  in 4, 74-76 

structure  in 32 

See  also  Hopper- Plru  fields. 

character  of 3 

fossils  on 24 

rocks  on 23 

structure  east  of 67-68 

Piru  Oil  and  Land  Co.,  wells  of 74-75 

Pirn  River,  view  of 2 

Pisania  fortis  Carpenter  var.  angulata  Ar- 
nold   25,  «5;? 

Placenta  Canyon,  oil  wells  in 4. 100-101, 203 

oil  wells  in,  location  of,  map  showing.. .      100 

oil  of,  analysis  of 214-215 

Placunanomia  sp 13, 153 

Plagioctenium  cerrosensis  Gabb H2 

circularia  Sowerby HB 

Platyodon  canoellatus  Conrad 153 

Pleistocene  deposits,  distribution  and  de- 
scription of 28-29, 

43,91,98, 107, 153-155, 173, 174, 186 
Pleurotoroa  (Dolichotoma)  keepi  Arnold. . .      f698' 

sp 152 

PUocene  fossils g4t,gJiS,24S,H7, 2^9, 261 , t6S 

Pliocene  sandstone,  view  of 188 

Pole  Canyon  oil  field,  geology  and  structure 

of 62-63 

location  of 62 

Priene  orogonensis  Re^fleld  var.  angelensis 

A  mold 24, 25, 107,  «5^ 

Propeamuslum  interradiatus  Gabb 2H 

Proudfit  and  Parker,  oil  well  of,  oil  of,  analy- 
ses of 210,211,213 

Prutzman,  P.  W .,  analyses  by 214-215 

on  California  oils 142 

Psephis  lordi  Carpenter 27 

tantilla  Gould 26 

Pseudamusium  peckhami  Gabb SSJ^ 

pedroanus  Trask 2H 

Puente  fault,  location  and  description  of.  108-109, 

111-115,116, 119 

Puente  field,  geology  of 117-118 

location  of 117 

oil  wells  of 119,133,203 

oil  of,  analyses  of 210, 212, 213-217 

structure  of 118-119 

tankage  In 134 

Puente  formation,  character  of 103-105, 

145-146,148-149 

correlation  of 105 

distribution  of 103-106, 

112-113. 115, 117-118, 121, 125-131, 
144,  146-146,  148-150, 160,  173,  186 

fossils  In 104,146-148 

oil  in 110, 114, 119, 132-133, 149-150, 156, 187 

subdivisions  of 103 

Puente  Hills,  altitudesin 103 

area  in 134 


Page. 

Puente  Hills,  correlations  in 143 

development  of 132-133 

gas  In 134 

geology  of 103-107, 143 

map  showing 102 

location  of 102 

map  of 110 

oil  of 133-137,20^217 

analyses  of 209-217 

gravity  of 133,203 

prices  of 136 

production  of 136 

storage  and  transportation  of 134-136 

utilization  of 135-136 

oil-bearing  strata  of 109-110 

oil  companies  of,  list  of 137 

oil  wells  of . . . .  113-116, 117, 119, 123-125, 131-134 

location  of,  map  showing 110 

yield  of 13^-134 

See  also  particular  wells.  , 

oil  fields  of.  descriptions  of 110-132 

structure  of 108-109 

sections  of,  plate  showing 108 

topography  of 103 

Puente  Oil  Co.,  pipe  line  of 135 

wells  of 119,132 

oil  of ,  analyses  of 210,212,213 

Pumping  plant,  view  of 120 

Purpura  edmondi  Arnold 147,226 

R. 

Ramona  Canyon,  oil  well  in 68 

Ramona  Oil  Co.,  well  of 68, 75 

Raphetto  Hills,  oil  prospects  in 196 

rocks  of 152, 196 

Reasoner  syncllne,  description  of 67 

Red  beds,  distribution  of a-10,47 

faults  in 38 

fossils  in 11 

gas  in 39 

occurrence  of,  in  Sespe  formation 8-10 

oil  wells  in 10,34,39,48.65,59 

structure  of,  maps  showing 65,57 

Vaqueros  shale  and,  relations  of 11 

Refineries.    See  Oil  refineries. 

Rice,  W.  P.,  oil  wells  of 96 

Rice  Canyon,  oil  wells  in 4, 96 

Rictaxls  punctoccclata  Carpenter 27 

Ridge  Crest,  oil  well  near 99 

Road  dressing,  oil  used  for 136-136 

Rocks.    See  Geologic  formation. 

Russell  Company,  wells  of 54 

S. 

Salt  Lake  Company,  oil  wells  of 159 

Salt  Lake  field,  brea  in 187 

development  of 159, 195 

geology  of 186-193 

location  of 158. 186 

oil  sands  of 186-193 

section  of,  figure  showing 180 

oil  wells  in 187-193, 195 

oil  of.  analysis  of 210,211.213 

records  of 190-193 

section  in,  figure  showing 189 
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Salt  Lake  field,  struottue  In 103-105 

view  of 168 

Salt  Lake  flexure,  description  of 103-195 

section  through,  figure  showing 189 

Salt  Lake  Oil  Co.,  well  of,  oil  of,  analysis  of. .     210. 

211,213 

Salt  Marsh  Canyon,  oil  wells  in 4,42,45-46 

oU  wells  in.  oil  of,  analysis  of 209, 211, 212 

San  Cayetano  fault,  location  of 30-31, 

44,46,47,49,52 
oil  wells  along 49 

San  Cayetano  Mountain,  fault  center  at . .  30-31 ,  44 
oil  field  near.    8m  Santa  Paula  Ridge. 

rocks  at 23,48 

See  also  Santa  Paula  Canyon. 

San  Cayetano  wells,  data  on 68-69,203 

location  of 4,68 

San  Fernando  field,  well  in,  oil  of,  analyses 

of 209,211,213 

San  Oabriel  Range,  elevation  of 3 

oil  wells  on 96,98,99 

rocks  in 36,97 

structure  of 36-36 

topography  of 2-3 

San  Juan  HiH,  altitude  of 103 

Sansinena  wells,  description  of 117 

Santa  Ana  Oil  Co.,  oil  wells  of 98 

oil  wells  of.  oil  of,  analyses  of 209, 211, 213 

Santa  Barbara  Forest  Reserve,  location  of.         2 

Santa  Clara  River,  course  of 1 

oil  fields  north  of 36-76 

oU  fields  south  of 7ft-101 

red  beds  south  of 10 

structure  north  of 30-35 

structure  south  of v...  36-36 

tributaries  of 3 

valley  of.  oil  field  of.    See  Santa  Clara 

oil  field. 
Vaqueros  formation  south  of 16-17 

Santa  Clara  Valley  oil  field,  correlations  in.  21-22, 

143 

fault  in 29 

geology  of 4-29,143 

map  showing Pocket 

map  of 36 

oUof 203-217 

analyses  of 209-217 

gravity  of 203 

oil  fields  of 4,3fr-101 

oil  wells  of 39-42, 45-16,48, 50, 

54-62, 68-75, 79^,  86-89, 94^,  98-101 

location  of ,  map  showing 36 

structure  of 29-36 

sections  of,  plates  showing 28,30 

topography  of 1-4 

Santa  Fe  Oil  Co.,  wells  of 128,129,130 

wells  of.  oil  of.  analyses  of 210, 212, 213 

Santa  Felicia  Creek,  fossils  on 24 

Santa  Monica  Mountains,  rocks  on 145, 1 46 

Santa  Paula  Canyon,  fault  center  at. .  38, 44, 48, 50 
fault  center  at.    See  also  San  Cayetano 
Mountain. 

oil  wells  in.  oil  of,  analyses  of 214-216 

rocks  in 47 

view  of 48 


P«««. 
3 
26 
49 

42 


SO 


Santa  Paula  Creek,  character  of 

fossils  from 

rocks  on 

Santa  Paula  OU  Co.,  oil  weOs  of 

Santa  Paula  Ridge,  oil  field  south  of,  faults 

in 

oil  field  south  of,  geology  and  strocture 

of 4^«) 

oUweUsof .-. 50 

rocks  of 48 

Santa  Susanna  Mountains,  oil  wells  in 4 

rocks  of 15,20-22,43,92 

view  of 46 

Saugus.  rocks  near 28,29 

Saxidomus  aratus  Oould 28 

gibbosus  Oabb 163 

gracilis  Oould 27 

Scala  crebricostata  Carpenter 28 

tincta  Carpenter 28 

Schist,  black,  occurrence  of 145 

Schist,  crystalline,  oU  in IQj^-lOl 

Sconsia  tubercnlatus  Gabb tf4 

Scott  and  Loftus,  oU  weU  of 196 

Scutella  fairbanksi  Merriam 13,17,£W,i5f 

Semele  decisa  Conrad 153 

sp 26 

Sespe  Creek,  canyon  of ,  faulting  in 52 

canyon  of,  oUin 33 

oU  wells  In 54-« 

Pleistocene  near 28 

section  across,  figure  showing 8 

character  of 3 

region  of 2 

structurein 31 

rocks  on  and  near 28,30,52 

Sespe  formation,  character  of 7-12 

conglomerate  in 9 

detail  of,  section  showing 8 

distribution  of 7-12,51-62,68,78 

faults  in 38 

fossUsin 11 

oUfrom 10,12,33,64,55,58,50,61,87 

subdivisions  of,  descriptions  of 8-12 

Vaqueros  shale  and,  relations  of 11 

Sespe  oil  field,  location  of 51 

oU  wells  in 54-« 

structure  of 51-63 

view  in a 

Shields  Canyon,  oil  wellin 80 

prospecting  in 4 

Shirley,  I.  W.,  oU  weU  of,  oU  of,  analysis  of. .    210, 

211,213 

Sigaretus  perrinl  Arnold 147,IS8 

Siliqua  edentula  Oabb 107 

patula  Dixon 27 

Siliquaria  edentula  Oabb 26 

Silver  Thread  fault,  location  of 47.48 

oil  wells  along 48 

SUver  Thread  oU  field,  fossiU  in U 

location  of 4,46 

oUweUsin 48 

oil  of,  analyses  of 200,211,212,214-216 

structure  of 46-48 

Simi  Valley,  rocksfn 77 

Sisar  Creek,  fossils  from 11 
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Sisar  Creek,  rocks  on 29,47 

Siaar  Creek  oil  field.    See  Silver  Thread  oil 
field. 

Smilodon  »p 154 

Sobre  Vista  OU  Co. ,  oU  wells  of 41-12 

Solen  paralleius  Oabb 11 

rosaceus  Carpenter 26 

dcarius  Gould 24,107 

Soquel  Canyon,  rocks  In 104, 125, 127-128 

South  Mountain,  elevation  of 3 

rocks  In 15,20,77 

South  Mountain-Oak  Ridge  anticline,  de- 
scription-of 76-78 

oil  wells  on 79-80 

Southern    Sulphur    Mountain    field.    See 
Sulphur  Mountain. 

Spirocrypta  pileum  Gabb 11 

Spisula  planulata  Conrad 26 

Structure,  account  of 29-36,108-100 

sections  of,  plates  showing. .  28, 30, 108, 130, 162 
See  also  particular  oil  fields. 

Sulphur  Canyon,  fossils  In .* 21 

Sulphur  Mountain,  altitude  of 3, 42 

faults  at 38-39,44-45,63 

oil  field  on,  description  of 42-46 

geology  of 42-43 

location  of 4, 42 

oilwellsin 45-46,203 

structure  of 44 

oil  wells  on 40 

oil  of,  analyses  of 209,211,212 

rocks  on 20,38,42-43,47 

Sulphur  Mountain  fault,  location  of 63 

Sulphur  Mountain  Petroleum  Co.,  well  of. .    209, 

211,212 

Sulphur  Peak,  rocks  at 54,55 

Sunset  Oil  Co.,  wells  of 34^35,65,60 

83mcline,oil  in 33,56^7 

T. 

Tankage,  amount  and  distribution  of . . . .  134, 198 

Tapes  staleyi  Gabb 153 

staminea  Conrad 27 

tenerrima  Carpenter 25, 28 

Tapo  anticline,  description  of 84, 91 

location  of 36, 82-83 

oil  wells  in 89 

Tapo  Canyon,  oil  field  in,  geology  and  struc- 
ture of 80-86 

oil  field  in,  location  of 80 

wells  of 4, 16, 89 

rocks  in 16 

Tar  Creek,  canyon  of,  oil  wells  in 4, 61-62 

canyon  of,  oil  wells  in,  oil  of,  analyses 

of 216-217 

fossils  from 12 

rocks  on  and  near 13, 18 

Telegraph  Canyon,  rocks  in 131 

Tellina  hoflmaniana  Gabb 11 

longa  Gabb 11 

parilisOabb 11 

idseDaU 25,26,153 

Temple  road.    See   Western  avenue  and 
Temple  rockd. 


Page. 

Terebra  simplex  Carpenter 28 

Terebratalla  ocddentalis  Dall 153,  SSO 

smithi  Arnold .850 

Teredo  sp g84 

Tertiary  fossUs 255 

Texas,  oil  of,  composition  of 204 

Thompson  Ridge,  faults  in 37-38 

rocks  in 37-38 

Thompson  Ridge  fault,  location  of 37 

Thrada  semiplanata  Whlteaves 11 

sp 146 

Timber  Canyon,  oil  well  in,  oil  of,  analysis 

of 209,211,212 

Topatopa  anticline,  description  of 30 

oil  wells  on 33, 34, 54 

rocks  of 33 

view  of 2 

Topatopa  formation,  age  of 7 

character  of 5-6 

distribution  of 7,46-47,49,51 

oUof 7,33 

oilwellsin 54,55 

Topatopa  Range,  altitude  of 3 

structure  of 30 

Topography,  description  of 1-4 

Tomatina  culcitella  Gould 28 

haipaDall 28 

Torrey  anticline,  description  of 81-83 

location  of 36 

Torrey  Canyon,  fossils  from 17 

oil  field  in,  geology  and  structure  of 80-86 

location  of 80 

wells  In 86-87 

oil  of,  analyses  of 289, 211, 213-215 

rocksln 16,81-83 

Towsiey  Canyon,  oil  wells  in 4,95 

Tresus  nuttalli  Conrad 26,27 

Triton  gibbostis  Broderip 26 

Tritoniumsp 14,25,2SS 

Trochita  costellata  Conrad 107, 148, «« 

filosaGabb 25,2St 

inomata  Gabb 148 

sp 17 

Trophon  multicostata  Conrad 107 

sp 13,14,147,148 

Turbo  topangensis  Arnold 148, 228 

Turbonilla  lamlnata  Carpenter 28 

sp 11,26,28 

Turritella 254 

cooperi   Carpenter,  var.  femandoensis 

Arnold 25, 27, 28, 107,  «54 

hoilmanni  Gabb 264 

inezlana  Conrad 14,17,264 

var.  sespeensis  Arnold 12, 13 

jewetti  Carpenter 2»,2S4 

ocoyana  Conrad 1^,264 

pachecoensis  Stanton 264 

uvasana  Conrad 11, 2S4 

variata  Conrad 147,1^,264 

sp 24 

U. 

Union  Consolidated  Oil  Co.,  wells  of 33, 54 

Union  Oil  Co.,  tanks  and  pipe  lines  of.  134-135, 108 
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Union  OU  Co.,  wells  of 39, 79, 116, 117, 123, 124 

weUa  ol,  oil  of ,  analyaes  of 209,212 

rocks  near 116 

Upper  OJai  Valley,  oU  wells  In 40,42 

oil  wells  in,  location  of,  map  showing. . .       41 

rocksin 29 

view  of 46 

V. 

Vaqueros  fonnation,  age  of 12 

bitumen  in 94 

character  of 12-13 

distribution  of 1»-17, 

37, 62-63, 64, 66, 78, 81-86, 91-93, 97 

fossils  in 12-13,14,17 

If odelo  formation  and,  roiations  of. .  13, 19-20 

oU  in 34,61,68,88,89,93,95,98 

overturn  of,  view  of 90 

Sespe  red  l)eds  and,  relations  of 11 

Venericardia  planicosta  Lamarck 11,  AM 

ventricosa  Gould 153 

Ventura,  fossils  from  near 27 

Venus  pertenuis  Gabb 147 

temblorsnsls  Anderson £3f 

W. 

Watts,  W.  L.,  analyses  of 216-217 

fossils  coUected  by 24,26,152 

reports  of,  on  CaUfomla  oils 139, 141, 158 

reports  of,  on  Los  Angeles  district 158-159 

West  Lake  Oil  Co.,  well  of,  oil  of,  analysis 

of 210,211,213 

West  Virginia,  oil  of,  composition  of 204 

Westlake-Rommell  Oil  Co.,  well  of,  oil  of, 

analysis  of 200,211,212' 

Western  avenue  and  Temple  road,  Los  An- 
geles, area  one^fourth  mile  from, 

wells  of,  geology  of 181 

vicinity  of,  oil  wells  In,  geology  of 178-180 

records  of 179-180 

Western  field,  development  of 159 


Plge. 

Western  field,  geology  of 173-184 

location  of 172 

oU  wells  of 174-lM 

oU  of ,  analyses  of 210,211,213 

records  of 177-180,181 

section  In,  figure  showing 178,181 

structure  in 184-186 

sulxlivlslons  of 174-175 

topography  of 172 

Wheeler  Canyon,  oU  wells  In 4,42,45-^,« 

oU  wells  in,  oU  of,  analyses  of 209,211,212 

Whldden-Double  OU  Co.,  oU  wells  of 4(M1 

oU  wells  of,  oU  of,  analysis  of 209,211,212 

Whitney,  J.  D.,  explorations  by 138, 1<0 

on  biea  deposits 140-141 

Whittler  field,  gas  well  in IW 

geology  of 104-105,110-112 

location  of HO 

oU  wells  In 111-115,133 

oU  of,  analysU  of 210,215 

view  of 112 

pumping  plant  in,  view  of 130 

structure  of 112-115 

tankage  in 154 

Whittler-Flllmore  OU  Co.,  weU  of,  oU  of, 

analysis  of 210,211,213 

Wiley  Canyon,  fossils  from 1? 

oUweUsin *,9^ 

oU  of ,  analyses  of 210,211.213 

prospecting  In < 

rocksin 15-l«,78,«2 

Y. 

YoWiaarataWhlteaves U 

oooperi  Gabb * 

nasutaGabb 1^ 

sdssurata  DaU 2* 

8p 27,147 

Z. 

Zenith  Co.,  oU  weUs  of « 
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RESULTS  OF  PRIMARY  TRIANGULATION  AND  PRI- 
MARY TRAVERSE,  FISCAL  YEAR  1905-6. 


By  Samuel  S.  Gannett. 


SUMMARY. 

Summary  ofpuMished  results,  1905-6:  Triangxdation  and  primary  traverse. 
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EASTERN  DIVISION  OF  TOPOGRAPHY. 

H.  M.  Wilson,  Geographer  in  charge. 


ALABAMA. 

PRIMARY   TRAVERSE. 

SHELBY   COUNTY. 
COALVILLE  QUASRAHOLE. 

In  June,  1906,  C.  B.  Kendall,  field  assistant,  ran  a  line  of  priman* 
traverse  across  the  southern  border  of  this  quadrangle  from  Long- 
view  to  Teague  bridge  over  Yellow  Leaf  Creek,  connecting  ^^ith 
points  on  the  United  States  standard  datum  previously  locate  bv 
primary  traverse. 

Magnetic  declination,  2°  51'  38"  east. 

Geographic  positions  along- Louisville  and  Na^ville  Railroad  near  Longtitw. 


Station. 


I^ngvlow,  at  southwest  corner  of  company's  store,  iron  post  stamped 
"Prim.  Trav.  Sta.  No.  28,  1906" 

Longview,  piihlic-road  crossing  0.5  mile  north  of,  center  of  track 

Saginaw  station,  public-road  crossing  0.5  mile  south  of,  center  of  tres- 
tle 


Latitude. 


3.3    11    56u9 
33    12    21.0 


33    12    47-3  I 


SaginaiK  station,  puhllc-road  crossing 33    13    01.9 


Geographic  positions  along  highvxiys. 


Station. 


Saginaw,  mall  box  at  four  comers  0. 5  mile  northwest  of 

Saginaw,  about  1  mile  north  of,  second-class  road  fork  to  south 

Forks 

I'ino  stump  at  east  side  of  road  at  top  of  small  ridg*' 

Socond-class  forks  to  north  at  )>end  of  main  road  to  east 

Forks  at  nil  fence.  150  feet  west  of  bridge  over  small  stream,  public 

road  to  west,  spcond-cla.ss  road  to  north  uphill 

Second-class  north-south  road ., 

Forks  of  road  300  feet  east  of  house,  roads  east  to  northeast *. 

Four  corners  at  vacant  dwelling,  nublic  road  northwest  and  southeast 

Four  corners,  pul)lic  and  second-class  crossroads 

Section-line  cros.Ming  ( ') 

Yellow  Leaf  Creek,  center  of  bridge  over  smail  branch  of 

Forks  of  road  075  mile  southwest  of  box  and  20  feet  north  of  signboard 

•  'Calera  14  miles " 

Public  roads  northeast,  north,  and  southwest 

Calvnry  Baptist  Church,  forks  05  mile  east  of,  public  road  to  south... 
Section  corner  (numlxjr  not  obtained) 

2 


Longitude. 


86    46    «Lt 
86    46    3.^ 


86    47    22.1 

86    47    ST.i 
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ALABAMA. 

Geographic  positions  along  highways — Continued. 


Station. 


I      latitude. 


T.  20,  R.  1  W.,  northeast  comer  soc.  20 

Hansom  station,  four  comers  150  feet  south  of  cotton  gin  and  60  feet 
west  of  lumber  railroad 

Saginaw  station,  on  Saginaw  Lumber  Co.'s  railroad,  250  feet  northeast 
of  cotton  gln,200  feet  northeast  of  railroad  crossing,  IQO  feet  southeast 
of  dwelling,  and  about  8  feet  south  of  water  oak  tree,  aluminum  tab- 
let in  sandstone  Ix) wider,  stamped  "Prim.  Trav.  Sta.  No.  1,  1900". . . 

Public-road  forks,  second-class  road  to  southwest,  10  feet  southwest 
to  oak  painted  "TTSTP  540.8" 

Public-road  forks,  15  feet  south  to  signpost  marked  "Pelham  11.25 
miles" 

Four  comers,  300  feet  southwest  of  church,  30  feet  east  to  well,  15  feet 
southwest  to  oak 

Forks  of  road  southeast  and  northeast,  stump  painted  *'V  A  651"  on 
top  of  small  ridge 

T.  20  8.,  R.  1  W,,  sec.  11,  center  line  of,  public-road  crossing 

Sees.  12  and  13,  quarter  corner  north  of  southeast  comer  sec.  12,  forks 
of  road  south  and  east 

Forks  of  road  east  and  west,  20  feet  northeast  to  dead  p'me  snag 

Yellow  Leaf  Creek,  center  of  bridge  over  northern  fork  of 

I'ubllc  road  west,  forks  of,  1.5  miles  south  of  Teague  bildge,  second- 
class  road  to  northwest,  10  feet  east  to  pine, 30  feet  west  to  pine  stump 

Four  comers,  crossroads,  1.5  miles  south  of  Toague  bridge,  20  feet  west 
to  bunch  oak  trees  and  signboard  marked  * '  Wilsonville  " 

Public-road  forks,  south  and  southeast,  50  feet  southeast  to  pine,  40 
feet  north  to  oak 

Three  comers,  0.5  mile  south  of  Teague  bridge,  public  T  road  west 

Yellow  I^af  Creek,  center  of  Teague  bridge  over,  public  roads  south 
and  southeast  (located  in  1904) 
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Longitude. 

O  /  // 

86    39    26.4 
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CHAMBERS    AND   LEE    COUNTIES. 


OPEUXA  aUADRAHOLE. 


The  following  geographic  positions  were  determined  by  primary 
traverse  run  by  E.  L.  McNair,  topographer,  in  April,  1905.  The  line 
starts  at  West  Point,  Ga.,  and  runs  northerly  and  westerly  along 
pubUc  roads  via  Fredonia  and  White  Plains  to  Penton,  thence  south 
via  Marcoot  to  Gold  Hill  station,  on  the  Central  of  Georgia  Railway. 
Another  line  starts  at  Auburn  station,  on  the  Western  Railway  of 
Alabama,  and  runs  via  highways  south  to  Wrights  Comers,  thence 
easterly  and  northerly  to  Salem,  Ala. 

Geographic  positions  along  highways. 


Station. 


Latitude. 


Longitude. 


West  Point,  Atlanta  and  West  Point  R.  R.  station  (Ellis,  1902) 

West  Point,  Atlanta  and  West  Point  R.  R.  bridge  over  Chattahoochee 
River,  southwest  end  of,  in  capstone  at  north  end  of  shore  pier, 
bronze  tablet  stamped  '^*  Anniston  573  Ft." 

Alabama-Georgia  State  line  crossing  of  West  Point  and  Fredonia  road. 


32    52    31.8  ' 


32    52    46. 4 
32    54    09. 3  I 


8o    11    01.0 


85    10    50.1 
85    11    28.7 


West  Point,  3.5  miles  northwest  of,  0.12  mile  east  of  house  of  E.  L. 
Bailey  (colored),  on  north  side  of  road  between  two  oak  trees,  iron  I 
post  stamped  "Anniston  605  ft.  Prim.  Trav.  Sta.  No.  14.  1905" ' 

Potts  (Charles)  mail  box,  T  road  northwesterly 

Fredonia,  4.75  miles  southeast  of,  forks  of  road 

Fredonia.  3.6  miles  southeast  of,  forks  of  road  at  signboard  "West 
Point  7  mlleo  * ' 

Fredonia.  1.6  miles  southeast  of,  forks  of  road 


Bull  31(K-07- 


32  54  46. 5  I  86  12  56. 1 
32  55  08.9  85  13  21.6 
.12  66  30.9     85  14  45.0 


32  57  21. 5  ; 

33  68  37. 7  1 


85  15  16. 2 
85  XO  16.$ 
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PRIMABY   TBIANGULATION    AND    PBIMARY    TBAVEBSE. 
Geographic  positions  along  highways — Continued. 


SUtion. 


ALABAMA— continued. 

Fredonia,  40  feet  southwest  of,  crossroads,  iron  post  stamped  "  Prim. 

Trav.  8ta.  No.  15,  1905" 

Fredonia.  1.25  miles  west  of,  forlcs  of  road  at  signboard 

Fredonia,  2.25  miles  northwest  of,  four  comers 

Fi  ve  Points,  1.75  miles  southeast  of 

Five  Points,  0.5  mile  south  of,  four  corners 

Five  Points,  1.25  miles  southwest  of,  highway  and  Central  of  Georgia 

Rwy.  crossing 

Central  of  G<H>rgia  Rwy.  and  Settlement  road  crossing 

White  Plains,  four  comers  at  McCariey's  store 

Chapel  Hill,  house  of  W.  L.  Wilson,  center  of  road  opposite ' 

Jonldns  f  W.  T.)  house,  center  of  road  opposite  west  end  of : 

Penton,  four  comers,  14  feet  from  comer  of  Storey's  warehouse  and  49 

feet  from  post-office,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  16, 


1905" 


Penton,  1.75  miles  south  of,  house  of  W.  Lowe,  jr.,  center  of  road  oppo- 


site. 


Penton,  3.25  miles  south  of,  house  of  J .  B.  Laahiey,  center  of  road  oppo- 
site  

Marcoot  post-office,  road  comers  200  feet  west  of 

Marcoot  post-office,  1.5  miles  south  of,  on  top  of  ridge,  center  of  road 
opposite  W.  T.  Weldon's  house 

Marcoot.  3.25  miles  south  of,  forks  of  road;  roads  north,  south,  and 
east 


Lafayette.  5  miles  west  of.  near  house  of  S.  M.  Abernathy,  four  comers. 

Stills  (II.)  residence,  roads  north,  south,  and  west 

Jones  store.  0.75  mile  northeast  of.  four  comers 

T.  22  N.,  R.  26  E.,  in  sec.  30,  3.5  feet  from  southeast  comer  of  S.  W. 
Jones's  store,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  17,  1905"  . .. 

Jones  store,  1.5  miles  southwest  of,  forks  of  roads 

Lafayette  and  Camp  Hill  road,  house  of  W.  F.  Royal.  0.25  mile  south- 
east of,  four  comers ." 

Forks  of  road , 

House  of  A.  B.  McKinney,  250  feet  south  of.  forks  of  road 

Forks  of  road 

House  of  Alfred  Johnson,  0.33  mile  south  of,  four  comers 

Forks  of  road 

Forks  of  road,  east,  west,  and  north 

Gold  Hill  station  ( Hawkins,  1901 ) 


Latitude. 

Longitude. 
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Geographic  positions  south  and  east  of  Auburn,  Ala. 


SUtion. 


Latitude.      |     Longitude. 


Aubum  station  (Hawkins,  1901),  road  east  of 

Auburn  station,  0.9  mile  south  of,  roads  east.  west,  and  south 

Aubum  station.  2.25  miles  south  of.  Society  Hill  road,  10  feet  southeast 
of.  iron  post  stamped  "Prim.  Trav.  Sta.  No.  18.  1905" 

T  road  east 

Chewacia  Creek,  center  of  covered  bridge  over 

Wright  (L.  A.)  house,  four  corners  near 

Wright's  comers.  1.75  miles  east  of,  forks  of  road , 

Roads  north,  south,  and  east 

Mitchell's  store,  four  comers 

Chafin  (II.  C.)  residence,  center  of  road  opposite 

Four  corners 

Providence  Church,  road  comers  0.5  mile  south  of 

Forks  of  road 

T  road  south 

Prince  ( George)  residence,  four  corners 

Meadows,  four  corners 

Salem  station,  4.25  miles  south  of.  200  feet  south  of  Butler  bouse.  10  feet 
west  of  center  of  road,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  19, 
1905,526  ft." 

Salom.  2.25  miles  south  of.  forks  of  road 

Salem.  0.75  mile  south  of,  forks  of  road 

Salem  station  (Ellis,  1902) , 

Salem  station.  660  feet  west  of,  32  feet  north  of  center  of  track  of  Central 
of  Georgia  Rwy.,  Iron  post  stamped  "Prim.  Trav.  Sta.  No.  20, 1905, 
686  ft.  " 
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EASTERN    DIVISION.  5 

AliABAMA-GEORGIA. 

PRIMARY  TRAVERSE. 

RUSSELL  COUNTY,  ALA.;  CHATTAHOOCHEE  AND  MUSCOGEE  COUNTIES,  GA. 

COLUMBUS  aUADRANQLE. 

The  following  geographic  positions  were  determined  by  C.  B.  Ken- 
dall, field  assistant,  in  1906.  The  line  begins  at  Columbus,  located  by 
primary  traverse  in  1902  by  J.  R.  Ellis,  crosses  Chattahoochee  River 
to  Girard,  Ala.,  follows  the  Central  of  Georgia  Railway  to  Fort  Mitchell, 
thence  along  highways  along  the  west,  south,  and  east  borders,  tying 
to  primary  traverse  station  No.  3,  established  at  Upatoie  in  1905  by 
E.  L.  McNair,  topographer. 

Geographic  positions  along  Central  of  Georgia  Railway  between  Columbus,  Ga.,  and.Fort 

Mitchell,  Ala. 


station. 


Latitude.      |     Longitude. 


Columbus,  First  avenue  crossing .* '      32    28    39. 1  84    59    ^.8 

Columbus,  in  west  wall  at  north  side  of  west  entrance  to  post-office 

building,  aluminum  tablet  stamped  "Prim.  Trav.  Sta.  No.  1,  1906," 

elevation  251  feet 32    28    (Xi.  4  |        84    59    29.  6 

Chattaboocbec  River,  center  of  Central  of  Georgia  Rwy.  bridge  over . .       32    27    43. 8         84    59    50. 9 


Girard  station,  75  feet  north  of.  road  crossing ' 

Milepost  2,  road  crossing  60  feet  south  of 

Siding,  road  crossing  50  feet  south  of ' 

Station  notice  post,  second-class  road  crossing  50  feet  north  of I 

Brickyard  station,  east  rail  of  main  track  at  road  crossing ' 

Socond-class  road  crossing 

Flag  station.  500  feet  south  of,  road  crossing  near  water  mill ' 

Second-class  road  crossing 

Fort  Mitchell  station,  road  crossing I 

Fort  Mitchell  station,  100  feet  south  of.  at  northeast  corner  of  store  of  i 

G.  L.  Salas.  iron  post  stamped  "Prim.  Trav.  Sta.  No.  2,  Ala.,  1900"  ' 
Big  Uchee  Creek,  west  end  of  Iron  bridge  over,  forks  of  road  southeast 

and  southwest 

Small  stream  crossing,  second-class  road  west | 

Cotton  gin.  second-class  road 

Osweechee  Church,  three  comers.  T  road  east,  30  feet  to  tall  pine ' 

Osweechee  Church,  0.5  mile  south  of,  at  southeast  corner,  at  junction 

of  north  and  south  river  road  and  road  east  to  Hatchers  Landing, 

iron  post  stamped  "Prim.  Trav.  Sta.  No.  3,  1906.  Gu." 

Three  corners,  T  road  north,  20  feet  east  to  pine i 

T.  15,  R.  30,  corner  sec.  19.  pine  log  planted  in  small  marsh  224  feet  east  ' 

of  three  comers,  T  road  to  west 

Four  comers,  40  feet  southeast  to  pine,  50  feet  north  to  pine | 

Triangle  at  road  forks,  southeast  and  southwest 

Forks  of  road  west,  southwest,  and  northwest,  10  feet  south  to  willow. i 
Forks  of  road  northeast,  second-class  road  southeast  leading  to  Fitz- 

simmons  Ford ' 

Chattahoochee  River,  Fitz«iimmons  Landing,  on  top  of  west  bank  at  I 

edge  of  field,  125  feet  west  of  landing  proper 

Alabama-Geor^a  State  line,  center  of  Chattahoochee  River,  about  800  j 

feet  south  of  Fitzsimraons  Landing ' 


49.8 
46.5 


32  27 

32  27  15.8 

32  26  04.6 

32  24  15.6 

32  23 

32  '22 

32  22  04.7 

32  21  06.7 

32  20  33. 9  I 

32  20  33.0 

I 

32  18  57. 6  ^ 

32  18  IS.  6  I 

32  17  39. 9  I 

32  16  3(i.  4  I 


32  16  14.6 

32  16  09.8  I 

32  16  10.9 

32  15  56. 8  1 

32  15  09. 9  ! 

32  14  56. 1  j 

32  15  03.0 

32  14  51. 4  ' 

32  14  42.8  I 


84  59  57.5 

84  59  50.3 

84  59  33.5 

85  00  28.3 
85  00  33.3 
85  00  19.1 
85  00  32.8 
85  00  49.4 
85  01  12.2 

85  01  12.5 

85  01  02.6 

85  00  37.2 

85  00  27.4 

85  00  11.8 


85  00  02.5 

84  59  26.5 

84  58  00.5 

84  58  a3.6 

84  56  53.2 

84  56  30.7 

84  55  43.4 

84  55  30.9 

84  55  23.5 


Forka  of  road  between  two  small  houses,  roads  west  and  southwest,  40  , 
feet  east  to  small  house,  40  feet  south  to  house 

Forkfl  of  road  east  and  southeast,  100  feet  east  of  top  of  ridge I 

St.  Mark's  Church  (colored)  at  junction  of  Columbus- Florence  and  I 
Florence-Cusseta  roads,  at  southwest  corner  of  church,  iron  i>ost 
stamped  "Prim.  Trav.  Sta.  .\o.  2.  Ga.    1906" | 

Forks  of  road  west  and  southwest,  10  feet  north  to  cedar,  50  feet  south-  I 
cast  to  pine | 

Jamestown,  forks  of  road  north  and  northeast,  600  feet  north  of,  20  feet 
east  to  rail  fence,  40  feet  north  to  persimmon ! 


32    14    19. 8 
32    14    15.1 


32  14  40. 6 
32  14  r>0.9 
32     15    53.8 


84    54    19.8 
84    53    5«).8 


H4    51     1 1. 2 
84    50    45.6 
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b  PRIMARY    TRIANGULATION    AND    PRIMARY   TRAVERSE. 

Geographic  positions  along  Central  of  Georgia  Railway  between  Columbus,  Ga.,  and  Fori 

Mitchell,  Ala. — Continued. 


Station. 


GEORGIA— continued. 


Cemetery,  forks  of  road  east  and  southeast 

Stephens  Creek,  center  of  bridge  over 

Three  comers,  T  road  southwest 

Forks  of  road  northeast  and  southeast,  40  feet  north  to  double  oak,  30 

feet  south  to  clump  of  plum  bushes 

Cusseta,  3  miles  south  of.  forks  of  road  south  and  southeast 

Cusseta,  3  miles  south  of,  in  angle  at  forks  of  road  Cusseta-Lonvale, 

Cusseta-Jamestown,  iron  poststamped  "  Prim.  Trav.  Sta.  No. 3,  Ga. 


1906' 


Forks  of  road  northwest  and  north 

Cusseta,  1  mile  southwest  of,  forks  of  road  north  and  northeast,  10  feet 

north  to  pine 

Cusseta,  forks  of  road  at  west  edge  of,  40  feet  west  to  sign  "Jamestown 

fi  mi.,"  60  feet  east  to  large  oak  stump 

Cusseta,  0.75  mile  northwest  of,  overhead  road  crossing  Seaboard  Air 

Line  Hw y - 

Cusseta,  1.5  miles  northwest  of,  road  crossing  Seaboard  Air  Line  Kwy.l 

Milepost  C  16;  road  crossing  300  feet  south  of 

Ochilles  Creek,  south  end  ofbridgeover 

Halleck  station,  road  crossing  500  feet  east  of  water  tank 

Old  store,  four  comers,  roads  north  and  south  and  west  and  east,  50 

feet  southwest  to  oak.  30  feet  east  to  oak 

Church  and  schoolhouse,  700  feet  south  of,  four  comers,  50  feet  south  to 

telephone  pole,  20  feet  west  to  double  sweet  gum 

Four  comers,  crossing  of  Cusseta-Greenville  and  Columbus-Buena 

Vista  roads 

Northwest  comer  of  schoolhouse  yard,  in  southeast  comer  of  intersec- 
tion of  above  roads,  iron  post  stamped  *'  Prim.  Trav.  Sta.  No.  4,  Ga. 


1906" 


Four  corners,  second-class  crossroads,  20  feet  southwest  to  C.  B.  Under- 
wood's mail  l>ox  No,  16 

Four  comers  at  Cane  Mill 

Blai r  Branch,  cen ter  of  bridge  over 

Elbeck,  0.5  mile  south  of,  three  comers,  25  feet  southeast  to  signboard 
"Cusseta  11  mi.,"  20  feet  south  to  oak 

Muscogee  and  Chattahoochee  county  line,  center  of  covered  bridge  over 
U  patoie  Creek 

Forks  of  road  0.3  mile  northwest  of  bridge  over  U  patoie  Creek 

Forks  of  second-class  road,  20  feet  southeast  to  dead  pine,  50  feet  north 
to  double  oak 

Forks  of  road  south  and  southwest,  25  feet  west  to  oak,  20  feet  east  to 
small  persimmon  tree 

Fourcomers,  2  miles  south  of  schoolhouse,  20  feet  north  to  mail  box  No. 
20,  post  painted  "'463" 

Three  comers,  T  road  west,  10  feet  southwest  to  mail  box 

Forks  of  road  south  and  southwest,  50  feet  south  to  pine  painted  "  490  " . 

Forks  of  road  north  and  northeast,  10  feet  north  to  persimmon  painted 
"482" 


I'patole,  0.75  mile  south  of,  forks  of  road  north  and  northwest 

Upatoie  station,  at  south  wall  in  angle  between  wall  and  operator's 

office.  Central  of  Georgia  Rwy.,iron  poststamped  "Prim.  Trav.  Sta. 

No.  3,  1905" 


Latitude.      1 

i 

Longitude, 

o 

, 

. 

o 

32 
32 
32 

16 
15 
16 

00.3 
59.3 
1L3 

84 
84 
84 

50 

49 
49 

17.  i 
37.0 
05.4 

32 
32 

16 
16 

25.5 

44.4, 

84 

84 

48 
47 

47.6 

32 
32 

16 
17 

44,1 

28.4 

84 
84 

47 
47 

47? 
2S.\ 

32 

18 

12.1, 

84 

47 

16l^ 

32 

18 

26.2 

84 

47 

014 

32 
32 
32 
32 
32 

18 
18 
20 
20 
20 

30.7 
46,8 
09.6 
42.8 
53.7 

84 
84 
84 

84 

84 

47 
47 
47 
47 
47 

R6 

35.2 
09  2 
02.1 

32 

21 

59.4  1 

84 

4« 

51.7 

32 

22 

21.7  j 

84 

46 

43  S 

32 

23 

26.1  1 

84 

46 

0^4 

32 

23 

25.6 

84 

46 

oao 

32 
32 
32 

24 
24 
25 

17.5  1 
54.2  , 
33.6 

84 

84 
84 

46 
46 
45 

n  2 

CM.* 

52.5 

32 

26 

05.3 

84 

45 

11.9 

32 
32 

26 
26 

42.3 
46.6, 

84 

84 

45 

45 

24.3 
41-4 

32 

27 

54,6  ! 

84 

45 

3!v# 

32 

28 

14.1 

84 

45 

:^7.!r 

32 
32 
32 

29 
30 
30 

27.6! 
07.4  1 
50.3  ' 

84 
84 
84 

45 
45 
45 

49L6 
37  1 

15.  t 

32 
32 

31 
32 

23.5  1 
12.4  ' 

1 

84 
84 

45 
44 

01.9 
3x7 

32 

32 

1 
49.6 

84 

44 

2il 

ARKANSAS. 

PRIMARY  TRAVERSE. 


CRAWFORD,  FRANKLIN,  LOGAN,  SCOTT,  AND  SEBASTIAN  COUNTTIES. 
FORT  SMITH  80"  QUADRANGLE. 

The  following  geographic  positions  on  the  United  States  standard 
datum  were  determined  by  primary  traverse  hi  1905  by  J.  R.  Ellis, 
assistant  topographer.  The  line  starts  from  the  '* initial  point"  at 
Fort  Smith,  runs  northeast  along  the  Missouri  Pacific  Railway  to  a 
point  5  miles  northeast  of  Van  Buren,  thence  along  the  Little  Rock 
and  Fort  Smith  Railroad  to  the  east  edge  of  the  quadrangle,  thence 
south  on  highways  to  Charleston,  thence  west  on  highways  and  the 
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ARKANSAS.  7 

Midland  Valley  Railroad  to  Hackett,  thence  along  the  St.  Louis  and 
San  Francisco  Railroad  to  the  initial  point.  Another  line  starts  from 
Ilackctt,  follows  the  St.  Louis  and  San  Francisco  and  the  Midland 
Valley  railroads  to  Hartford,  thence  east  along  the  Chicago,  Rock 
Island  and  Pacific  Railroad  to  Barber,  thence  north  on  highways  to 
Charleston,  and  is  tied  to  United  States  Geological  Survey  triangula- 
tion  stations  Peak  and  Pinnacle. 

Geographic  positions  along  Missouri  Pacific  Railway  between  Fort  Smith  and  Lees  Creek. 


Station. 


Fort  Smith,  at  soutliwest  comer  of  old  fort  about  50  feet  from  United 
States  Coast  and  Geodetic  Survey  astronomical  station,  which  was 
used  SLS  initial  point.    Station  mark:  A  stone  monument 

Fort  Smith,  yara-limit  post,  private  road  crossing  just  north  of 

Arkansas-Indian  Territory  boundary  post  74  M 

Arkansas-Indian  Territory  boundary  post  73  M.  at  Cherokee  Junction. 

Miiepost  609,  private  road  crossing,  800  feet  east  of 1    35 

Switch  block  to  spur,  road  crossing  northeast  and  southwest,  1,200  feet 
west  of I    3.5    27 

Lees  Creek,  center  of  bridge  over 


Latitude. 

Longitude. 

0         /  ■ 

,, 

3 

.        . 

35  23 
35  24 
35  25 
35  26 
35    27 

16.91 
25.9    1 

56.7    ! 
50.2    1 
08.2    1 

1 

94 
94 
94 
94 
94 

25  51.35 

26  23.8 
26  16.2 
26  260 
25    17.0 

3.5  27 
35    27 

a5.8   ' 

03.7 

1 

94 
94 

23  .53.0 
22    56.0 

Geographic  positions  along  "  Frisco  ^^  Railroad  between  Van  Burcn  and  Meadows, 
Station.  Latitude.  Longitude. 


Van  Buren,  in  retaining  wall  to  Doctor  Kerr's  front  yard,  22  feet  from 
comer  of  wall,  aluminum  tablet  stamped  "  Prim.  Trav.  Sta.  No.  1, 

1905" 

Van  Buren,  1  mile  north  of,  road  crossing 

Sraeltzer  station,  road  crossing  just  south  of 

Central  pier  of  bridge  No.  4071  over  creek  south i      35    27    59.2 

Miiepost  406,  road  crossing  north  and  south  810  feet  east  of 35    28    29.5 

Meadows  station,  0.66  mile  west  of,  road  crossing I      35    29    09.0 


35  26  07.0 
35  26  32.2 
35    27    22. 


94 
94 
94 
04 
94 
94 


26.4 
15.7 
37.4 
12.7 
04.5 
35.1 


Geographic  positions  along  highways. 


Station. 


Latitude. 


Meadows,  0.75  mile  east  of  station,  T  lane,  16  feet 'due  north  to  arrow 
on  fence  post 

Alma,  1.5  miles  northwest  of,  1.75  miles  east  of  Meadows,  in  southwest 
comer  of  J.  W.  Farris's  Celd  at  crossroads,  nail  in  root  of  black  oak 
bears  S.  50'  1.5'  K.,  distant  34.7  feet;  stone  at  crossroads  bears  S.  53° 
20'  W.,  distant  24J>  feet;  Iron  post  stamped  **  Prim.  Trav.  Sta.  No.  2, 
1905" 


35    29    ,33.5 


35    29    32.2 


Longitude. 


94    15    22.7 


94    14    19.3 


Geographic  positions  along  Missouri  Pacific  Railway  between  Alma  and  Mulberry. 


Station. 


Latitude. 


Longitude. 


Alma,  station 35 

Alma,  road  crossing  northeast  and  southwest,  1  mile  east  of  station  . .       35 

Miiepost  489,  road  crossing  0.25  mile  west  of 35 

Dyer,  center  of  trestle  0.33  mile  west  of 35 

D)-er,  in  northeast  comer  of  J.  11.  Selby's  farm,  on  south  side  of  rail- 
road, 6  feet  from  right-of-way  fence  and  18  feet  west  of  section  line, 

iron  post  stamped  "  Prim.  Trav.  Sta.  No.  3,  1905  " 

Miiepost  486 

Miiepost  485,  road  crossing  north  and  south  800  feet  west  of 

Miiepost  484,  road  crossing  north  and  south  600  feet  west  of 


Mulberry,  on  p'-operty  of  Oil  Mill  Co.,  585  feet  north  to  Main  street 
crossing  railroad,  10  feet  east  to  north-south  fence,  in  top  of  8<md- 
stonc  30  by  10  by  10  inches,  aluminum  tablet^tamped  "  Prim.  Trav. 
Sta.  No.  4,  1905' 


35 
35 
35 
35 


45.4 
55.7 
10.1 
24.7 


32.0 
46.3  I 
47.3  ' 
40.3  I 


94 
94 
94 
94 


94 
94 
94 
94 


16.7 
56.0 
02.7 
41.2 


57.8 
41.2 
46.7 
42.8 


35    29    .V>.9  I 


94    («    06. 5 
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Geographic  positions  along  highways,  Mulberry  ina  Charleston  to  Greenwood. 


Station. 


Riffle  ford,  Big  Mulberry  Creek,  arrow  painted  on  birch  tree  80  feet 

no rth  of ' 

Cross  and  arrow  nainted  on  white-oak  tree  on  north  side  of  road  and 
on  north  side  of  River  Hill  about  0.25  mile  north  of  summit,  about  I 

1 ,000  feet  southeast  of  gate  to  field , 

Junction  of  telephone  lines,  T  road  north,  just  east  of j 

Oak  Grove,  schoolhouse,  northwest  comer  of ' 

Pauline  store,  0.25  mile  southeast  of,  cross  on  walnut  tree  at  forks  of 
road 


Pauline  store,  1.5  miles  west  of,  crossroads  12  feet  due  north  to  cross  on 
sapling,  .33  feet  west  to  arrow  on  tree 

Pauline  store,  cross  and  arrow  painted  on  black-oak  tree  just  south  of 
point  where  Charleston  road  leaves  Fort  Smith  and  Ozark  road,  2.5 
miles  west  of  Pauline 

MillcreekMountaln^T  road  north  0.5  mile  south  of  sumrait,39  feet  north- 
west to  east  end  of  stone  fence,  12  feet  east  to  cross  on  black  oak 

Vesta,  in  southwest  cdmcr  of  stone  coping  to  publU;  well,  aluminum 
tablet  stamped  "  Prim.  Trav.  Sta.  No.  5,  1905  " 

T.  8N.,  R.  29  W.,  comer  sees.  11,  12,  13,  and  14,  at  Vesta 

T.  8  N.,  R.  29  W.,  comer  sees.  13,  14,  23,  and  24,  T  road  west 

Vesta  crossroads,  2  miles  south  of,  22  feet  northwest  to  nail  in  fence 
post,  39  feet  southwest  to  crosa  on  fence  post 

Peadget  schoolhouse,  20  feet  east  to  anuUl  oridge,  21  feet  southeast  to 
mail  l)ox 

Charleston,  *'+&-»"  painted  on  white-oak  tree  about  1  mile  north  of. 

Charleston,  railway  crossing,  65  feet  east  of  station 

Charleston,  T  roacf  north,  1  mile  south  of 

T.  7  N.,  R.  28  W.,  sees.  18, 19,  west  comer  of 

Charleston,  3  Tniles  south  and  0.5  mile  east  of,  in  southeast  comer  of 
field  of  Wert  Haines  at  T  road  north  nail  in  black-oak  tree  in  road 
l)ears  S.  44°  E.,  distant  37  feet;  in  top  of  sandstone  32  by  7  by  6  inches, 
aluminum  tablet  stamped  "Prim.  Trav. Sta.  No. 6, 1905" 

T.  7  N.,  R.  29  W.,  sees.  26,  24,  25,  26,  T  road  south  at  comer  of 

T.  7  N.,  R.  29  W.,  sees.  22,  23,  26,  and  27,  crossroads  south  at  comer  of. 

T.  7  N.,  R.  29  W.,  sees.  21, 22,  '27,  and  28,  l-'ranklin-Sebastian  county  line. 

T.  7  N.,  R.  29  W.,  sees.  20,  21,  28,  29,  crossroads  at  comer  of 

T.  7  N..  R.  29  W..  sees.  19,  20,  29,  .30,  T  road  east,  comer  of 

Auburn,  In  northeast  corner  of  Brown's  store,  aluminum  tablet 
stamped  "Prim.  Trav.  Sta.  No.  7,  1905" 

Guideboard  on  tree  at  T  road  west,  1  mile  west  of  Auburn 

Hickory  tree  with  iron  ring  at  T  road  south,  just  south  of  white  frame 
house 


Black-oak  tree,  *•  +  "  and  arrow  painted  on  it,  eaat  of  T  road  north... 

Garden,  cross  and  arrow  painted  on  comer  of  fence 

Lil)ert  V  Church,  forks  of  road,  20  feet  southeast  to  cross  on  post  63  feet 
southwest  to  corner  of  cemetery 

Greenwood,  in  southeast  corner  of  foundation  to  court-house,  alumi- 
num tablet  stamped  "Prim.  Trav.  Sta.  No.  8,  1905" 


Latitude. 


35  28  53.1 

35  27  02.1 

35  26  38.8 

35  26  36.5 

35  25  58.2 

35  25  46.4 

35  25  29.8 

35  24  42.1 


35 

22 

44.4 

35 

22 

44.2 

35 

21 

50.0 

35  20r  58.9 

35  20  Oa4 

35  18  41.1 

35  17  39.7 

35  16  56.0 

35  16  2ft.l 


35  15  14.6 

35  15  37.1 

35  15  38.2  ' 

35  15  39.0  I 

35  15  39.8  I 

35  15  40.8 

35  15  14.7 

35  14  49.2 

35  14  24.0  , 

35  14  01.6 

35  13  41.4  I 

35  13  03.6 

35  12  43.5 


Lon^tude. 

Off 

94    02    33.3 

94  01  08.0 
94  01  30l2 
83    59    52.5 

S3    59    51.6 

94    01    4&0 

'    94    02    45l5 


94  02  28.4 

94  02  1S.4 

94  02  297 

94  02  14.4 

94  02  16.5 

94  02  16.1 

94  02  ia3 

94  02  (Ml  0 

M  01  ^& 


94  01  37.: 

94  02  las 

94  03  45.1 

94  04  492 

94  05  Sa'i 

94  06  5^0 

94  07  37.1 

94  06  24.3 

94  09  47.4 

94  11  03.4 

94  12  03.2 

94  13  2a: 

94  15  IT.S 


Geographic  positions  along  Midland   Valley  Railroad,  Greenwood  to  Hachcti. 


Station. 


Latitude. 


Milepost  3,  1,300  feet  west  of,  private-road  crossing , |     :45 

Coal-mine  shaft,  crossing  north  and  south  575  feet  east  of 35 

Excelsior  station 

Milepost  2,  road  crossing  1,700  feet  east  of 

Milepost  3,  north-south  road  crossing  650  feet  west  of 

Milepost  4.  road  crossing  600  fwt  west  of 

Midland  Valley  and  "  Frisco"  R.  R.,  crossing  of 

Uackett,  in  southwest  corner  of  cotton  gm  owned  by  Clark  A:  Johnson, 
aluminum  tablet  stamped  "Prim.  Trav.  Sta.  No.  tf,  1905" 


35 
35 
35 
35 
35 


Longitude. 


, 

„ 

o 

, 

„ 

55.4 

94 

16 

23.6 

39.4 

94 

18 

2ii* 

42.0 

94 

19 

095 

40.2 

94 

20 

5a3 

22.7 

94 

22 

24  ^ 

19.3 

94 

23 

2S.3 

13.7 

94 

24 

o:.6 

11 

25.9 

94 

24 

33.S 
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Geographic  positions  along  ^'Frisco'*  Railroad,  Hackett  to  Fort  Smith. 


Station. 

Latitude. 

Longitude. 

Switch  block,  private  crossing  700  feet  east 

35    11    42.0 

35    12    01.5 
35    12    55.2 

35    13    46.0 
35    14    26.2 

35    15    30.8 
35    16    36.1 
35    17    49.9 

35    18    59.9 
35    20    20.5 
35    21    13.8 
35    22    18.0 

O          /             // 

94    25    35l7 

Arkansas-Indian  Territory  (Choctaw)   boundary  post  at  Jenson, 
marked  *•  No.  13  M  1877" 

94    26    17.8 

Tunnel,  south  end  of 

94    26    33.4 

Arkansas-Indian  Territory  (Choctaw)  boundary  post  marked  "11  M 
1877" 

94    26    13. 7 

Trestle  4262,  road  crossing  under 

94    25    51.9 

Arkansas-Indian  Territory  (Choctaw)  boundary  iwst  marked  "9  M 
1877" 

94    26    09.7 

Cedars,  station  board 

94    26    28.7 

Mllfpost  422,  road  crossing  east  and  west 

94    26    22.2 

Artcansas-Indlan  Territo^  (Choctaw)  boundary  post  marked  "5  M 
1877" 

94    26    01.4 

Milepost  419,  road  crossing  east  and  west  300  feet  south  of 

94    25    47. 1 

Ward  Siding,  road  crossing  east  and  west 

94    25    42.7 

T.  8  N.,  Rr§2  W.,  sees.  16, 17,  20,  and  21,  comer  of 

94    25    15.8 

Geographic  positions  along  *^ Frisco^*  Raxtroady  milepost  4S4  to  4^8. 


Station. 


Latitude. 


Longitude. 


Trestle  4340  and  milepost  434,  crossing  under 

Milepost  436 

Milepost  4i3>I,  private-road  crossing  400  feet  south  oi 
Milepost  4J8 


35  09 

35  08 

35  08    25.4 

35  07    39.9 


45.0 
27.0 


94  22  29.5 

94  21  55.8 

94  21  01.0 

94  20  51.4 


Geographic  positions  along  Midland  Valley  Railroad^  Montreal  to  Hartford. 


station. 


Latitude. 


Longitude. 


Montreal,  3,200  feet  southwest  of,  road  crossing 

T.  5N.,  Ks.  ol  and  32  W.,  corner  sees.  7, 12, 13,  and  18 , 

Coal  shaft,  road  crossing  800  feet  north  of , 

Midland  City,  240  feet  west  of  section  bouse.  In  north  comer  of  stone 

culvert,  aluminum  tablet  stamped  "Prim.  Trav.  Sta.  No.  10, 1906"  . 

Peak  triangulation  station,  on  a  snarp  summit  of  Sugarloaf  Mountain, 

about  6  miles  northeast  of  Sugarloaf  Peak;  station  mark,  a  rock 

monument , 

Midland  City,  1  mile  south  of,  700  feet  north  of  milepost  10,  road  cross- 
ing  , 

Milepost  11,  road  crossing  just  south  of , 

Praine  Creek  station , 

Trestle  A  1311,  road  crossing  under 

Road  crossing  east  and  west 

Hartford,  road  crossing  125  feet  east  of , 

Hartford,  In  southeast  comer  of  stone  step  in  front  of  Grand  View 
Hotel,  aluminum  tablet  stamped  "Prim.  Tmv.  Sta.  No.  11, 1905"  . 


35  07  07.1 

35  07  06.6 

35  06  29.5 

35  05  45.7 


35  04  2&24 

35  04  5a  2 

35  03  53.4 

35  03  07.8 

35  02  24.7 

35  02  0a3 

35  01  44.3 

35  01  15.2 


94  21  32.5 

94  21  37.4 

94  21  53.5 

94  21  46.4 


94  22  21.85 

94  20  46.3 

94  20  25.0 

94  20  59.8 

94  21  38.5 

94  22  22.1 

94  22  58.5 

94  22  53.1 
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Geographic  positions  along  Chicago^  Rock  Island  and  Pacific  Railroad  between  milepost 

:i79  and  Barber. 


Station. 


Miiepost  27t>,  road  crossing  1,800  feet  east  of 

Milepost  278,  road  crossing  north  and  south  0.5  mile  east  of 

Milepost  275,  road  crossing  north  and  south  0.5  mile  east  of 

Milepost  276,  950  feet  west  of 

Road  crossing  north  and  south 

T.  5  N.,  Rs.  3D  and  31  W.,  south  comer  sees.  31  and  36 

Mansfleld,  in  northeast  corner  of  restaurant  yard  opposite  station, 
iron  post  stamped  "Prim.  Trav.  Sta.  No.  12.  1905" 

Miiepost  270,  road  crossing  north  and  south  230  feet  east  of 

Abbott  station 

Milepost  267,  private-road  crossing  1 ,000  feet  east  of 

Milepost  266.  338  feet  east  of,  135  feet  west  of  road  crossing,  in  arch  at 
south  end  of  stone  culvert,  aluminum  tablet  stamped  *'Prim.  Trav. 
Sta.  No.  13,  1905" 

Echo  station  board 

Milepost  262,  705  feet  west  of,  private-road  crossing 

Milepost  261,  road  crossing  1,065  feet  west  of 

Barl)er,  road  crossing  0.5  mile  west  of 

Barber,  railroad  bridge  over  Petit  Jean  River,  In  top  of  cast  end  of  cen- 
ter concrete  pier,  aluminum  tablet  stamped  *'  Prim. Trav.  Sta.  No.  14 
1905" 


Latitude. 


Longitude. 


35  01  30.6  j 

35  01  45.9 

35  02  24.9 

35  01  44.1  , 

35  03  03.1 

;<5  GA  2a  1 

35  03  28L8  ' 

35  04  0a4  , 

35  04  29.9 

35  05  08.7  : 


35  05  13.1 

35  05  57.0  I 

35  06  35.1  I 

35  07  10.4  , 

35  07  26.5 


o 

, 

„ 

94 

21 

^4 

94 

20 

16.4 

94 

17 

2ao 

94 

19 

oas 

94 

16 

2a8 

94 

15 

oi(! 

94 

14 

38.0 

94 

13 

07.3 

94 

11 

39.4 

94 

10 

oae 

94 

09 

09.S 

94 

07 

444 

94 

06 

4iT 

94 

04 

52.6 

94 

03 

46.4 

94 

02 

sa: 

Geographic  positions  along  highways,  Barber  to  Pinnacle  triangulation  station. 


Station. 


Latitude. 


Longitude. 


Schoolhouse,  forks  of  road  just  north  of 

Peach  orchard,  forks  of  road  southeast  at  comer  of,  15  feet  soutlieast 

to  comer  rail  fence  near  county  line 

Logan-Scott  county  line,  road  fork  west  on  ridge  0.5  mile  east  of,  5  feet 

south  to  arrow  painted  on  tree 

Field  on  top  of  ndge,  arrow  and  cross  painted  on  tree  at  southeast  cor- 


ner of. 


Forks  of  road,  arrow  and  cross  painted  on  black  oak  250  feet  west  of. 

Church,  turn  of  road  at  north  end  of  lane 

Road  north  to  schoolhouse,  at  turn  of  road  13  feet  east  to  cross  on 

fence  post 

Pleasant  Ridge  schoolhouse,  in  east  face  of  bowlder  which  is  partly 

overgrown  by  post-oak  tree,  aluminum  tablet  stamped '  *  Prim.  Trav. 

Sta.  No.  15,  1905" 

T  road  west  about  0.5  mile  south  of  Washburn  Mountain 

Pinnacle  triangulation  station,  knob  on  ridge  about  5  miles  south  of 

Charleston,  with  all  timber  cleared  from  summit;  station  mark, 

lone  tree  blazed  near  foot I 

7lon  schoolhouse,  crossroads  0.25  mile  south  of ' 

T.  7  N.,  R.  29  W.,  sees.  26,  27,  34,  and  .35,  corner  of | 


35  C8  29. 1  I 

35  OS  52.1  I 

35  09  07.6 

35  09  30.5  I 

35  10  11.7  1 

35  10  35.4 


94  02  39.: 

94  02  03.6 

94  01  33.4 

94  01  08.1 

94  00  4b.l 

94  01  09.0 


35    10    4a2     I      94    02    lS.5 


35    11     12-9 
35    12    00.9 


35  12  47.77  \ 
35  14  06.1  ' 
35    14    45.5    ( 


94    02    33.1 
94    02    32.* 


94  03  1144 
94  03  4S2 
94    03    Cf 


IlililNOIS. 

PRIMARY  TRAVERSE. 
MADISON    AND    CLINTON    COUNTIES. 


BREESE  aUADRAlTGLE. 

The  following  geographic  positions  on  the  United  States  standard 
datum  were  determined  by  primary  traverse  in  1905  by  J.  R.  Elfe 
The  line  starts  from  an  adjusted  position  on  the  Belleville  quad- 
rangle 2  miles  w^est  of  Highland  and  follows  the  Vandalia  Railroad 
to  Highland ;  thence  east  and  south  along  highways  to  a  point  near 
the  southeast  corner  of  the  quadrangle;  thence  west  along  highways 
to  a  point  3  miles  east  of  New  Baden,  w^here  it  is  run  west  over  the 
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Southern  Railway  to  primary  traverse  station  No.  17.  The  line  was 
tied  to  Breese  and  Damiansville  triangulation  stations,  United  States 
Coast  and  Geodetic  Survey. 

Geographic  positions  along  VandtUia  Railroad  near  Ilighland. 


station. 


Ilighiand.  road  crossing  2  miles  west  of 
Higbiand,  road  crossing  1  mile  west  of. 
Highiand,  road  crossing  at  station 


Latitude. 


38    44    02.9 
38    44    IftS  I 
38    44    3&  5 


Longitude. 


89    42    4&2 
89    41    52.4 

89   40   fias 


Geographic  positions  along  highways. 


station. 


German  Cemetery,  road  in  front  of  entrance.  70  feet  due  north  to 
entrance 

Tps.  3and  4  N.,  R.  5  W.,  T  road  north  near  comer  of  sees.  2,  3.  34,  and 
35.  30  feet  northwest  to  sycamore  tree,  36  feet  northeast  to  dead 
biaclc  oalc 

Tps.  3  and  4  N.,  R.  5  W.,  sees.  1,  2,  35,  and  36,  center  of  road  at  hedge 
fence  north 

Linenfiiser  (Fred)  residence,  400  feet  west  of,  in  pasture,  5  by  6  by  24 
inch  stone;  walnut  tree  bears  N.  35°  45'  E.,  distant  40.4  feet;  aiumi- 
num  tablet  in  top  of  stone,  stamped  "  Prim.  Trav.  Sta.  No.  22, 1906". 

Tps.  3  and  4  N..  Rs.  4  and  5  W..  comer  sees.  1,  6.  31.  and  36;  also  junc- 
tion Madison.  Clinton,  and  Bond  counties;  19  feet  southwest  to  west 
end  of  small  bridge,  29  feet  southeast  to  United  States  mail  box 

T  road  north,  15  feet  north  to  center  of  small  bridge 

T  road  south,  27  feet  northeast  to  William  Frentigers  mail  box 

Jamestown.  T  road  north,  1  mile  west  of,  27  feet  southeast  to  dead 
locust  tree : 

Jamestown  public  school  grounds,  near  south  line  of,  57  feet  east  of 
southwest  comer  of  grounds;  southwest  comer  of  school  building 
))ears  N.  5"  E.,  distant  144  feet;  in  top  of  dressed  limestone  5  by  5  by 
24  inches  aluminum  talHet  stamped  "  Prim.  Trav.  Sta.  No.  23, 1905". 

T.  3  N.,  R.  4  W..  comer  sees.  2,  3,  10,  and  11,  at  crossroads.  37  feet  { 
northwest  tocomeryard  fence,  36  feet  southeast  tocross  on  gatepost 

T.  3  N.,  R.  4  W.,  comer  sees.  14.  15,  22,  and  23,  at  crossroads.  30  feet 
northeast  to  cross  on  comer  fence  post,  64  feet  southeast  to  miilt 
platform 

T.  3  N.,  R.  4  W.,  v.est  comer  sees.  23  and  26,  center  of  road  at  fence 
east  just  north  of  schoolhouse 

T.  3  N.,  R.  4  W.,comerseC8.  2(),  27,  34,  and  35 

n.  ninlcam's  farm,  T  road  west,  42  feet  east  to  wild  cherry  tree , 

State  road  crossing  of  north-south  road,  24  feet  north  to  cross  on 
comer  fence  post,  63  fret  southwest  to  cross  on  comer  fence  post 

Broese,  1  mile  north  of.  in  northeast  comer  of  Frank  Budde  s  field, 
ifon  post  stamped  "Prim.  Trav.  Sta.  No.  24, 1905" , 

Breese.  Catholic  Church  spire , 

Crossroads.  27  fret  northwest  to  west  end  of  stone  culvert.  30  feet 
southeast  to  Hem  Ahler's  mall  box 

Crossroads.  20  feet  northwest  to  west  end  of  culvert.  35  feet  southwest 
to  cross  on  telephone  pole , 

Gerraantown,  crossroads  1  mile  north  of,  18  feet  north  to  center  of 
bridge , 

Oennantown,  Catholic  Church  spire 


Latitude. 

0 

, 

„ 

38 

44 

3ai 

38 

44 

3&8 

38 

44 

34.7 

38 

44 

35.1 

38 
38 
38 

44 
44 
44 

3&6 
33.3 
31.3 

38 

44 

oa2 

Longitude. 

O  /  /» 

89    39    42.3 

89    38    03.6 
80    36    5&8 

89    36    4a3 


89  35  49.9 

89  34  32.2 

89  33  23.0 

89  31  41.8 


38 

43 

50.7  i 

1 

89 

31 

06.9 

38 

43 

3ai 

89 

31 

07.2 

38 

41 

51.1 

80 

31 

03.6 

38 
38 
38 

40 
40 
38 

5&7  1 
06L5 

5a9  1 

89 
89 
89 

31 
31 
31 

02.3 
01.0 

oai 

38 

38 

31.3 

89 

31 

3ao 

38 
38 

37 
36 

3a4  1 
32.0  ' 

80 
89 

31 
31 

32.0 
44.3 

38 

35 

47.0  ' 

89 

32 

0&4 

38 

34 

54.6  1 

89 

32 

oai 

38    34 
38    33 


02.2 

ia2  I 


80    32    06i3 
89    32    15l9 
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Geographic  positions  along  Southern  Railway  near  Shoal  Creek, 


Station. 


Latitude. 


I^ngitudi*. 


Shoal  Creek,  center  of  bridge  over 38    32    4^4 

Road  crossing  north  and  south 38    32    28.8  j 


Geographic  positions  along  highways. 


89    30    47.5 
m    29    SLi 


station. 


T  road  south  at  large  wooden  cross 

Bartelso,  1.25  miles  southwest  of.  «t  T  road  north,  in  southeast  cor- 
ner of  field  owned  by  Bensian  Boole;  nail  in  blaze  on  tree  bears  N. 
76''  45'  E.,  distaat  30.8  leet;  iron  post  stamped  *  Prim.  Trav.  Sta. 
No.25.  MeS" 

Muifiii'fl  M^oolhouse,  T  road  east.  Just  south  of,  25  feet  northeast  to 
«ro88  on  wild-cherry  tree,  31  feet  southeast  to  comer  wire  fence 

Germantown,  T  road  south  1.5  miles  south  of,  33  feet  southeast  to 
cross  on  post 

Center  of  pri  vate  road 

T.  1  N.,  R.  4W.,comerBecs.  8.  9,  16,  and  17.  T  road  north 

T,  1  N.,  R.  4  W.,  comer  sees.  7,  8, 17.  and  18,  crossroads,  36  feet  north- 
east to  large  apple  tree,  37  feet  southeast  to  locust  tree 

T.  1  N.,  R.  4  W.,  east  comer  sees.  18  and  19 

T.  1  N.,  R.  4  W.,  comer  sees.  18  and  19  (west  comer),  24  feet  west  to 
cross  on  mil  fence,  T  road  east 

T.  1  N.,  R.  5  W.,  cast  comer  sees.  24  and  25,  T  road  west,  50  feet  north- 
west to  cross  on  fence,  39  feet  west  to  south  end  of  tile  culvert 

T.  1 N.,  R.  5  W.,  southwest  comer  sec.  24. 0.5  mile  east  of  Damiansville, 
iron  post  stamped  "Prim.  Trav.  Sta.  No.  26, 1905" 

Damiansville,  Catholic  Church  spire 

Damiansnllo  schoolhouse,  1.25  miles  west  of  T  road  east.  42  feet  south- 
east to  northwest  comer  of  schoolhouse,  25  feet  southwest  to  north 
end  of  small  bridge 


Latitude. 


32    ILO 


38  31  44.8 

38  31  41.8 

38  31  47.1 

38  31  44.2 

38  32  Id  1 

38  32  17.5 

38  31  24.9 

38  31  27.1 

38  30  35^2 

38  30  3a3 

38  30  35.8 

38  30  4&6 


Longitude. 


80    29   (£L» 


80  29  01 S 

89  30  319 

88  31  ZL$ 

89  33  Oa9 
89  33  12.3 

80  34  1&3 

80  34  17.0 

89  35  349 

89  35  31 » 

80  36  413 

80  37  214 

80  38  56l4 


Geographic  positions  along  Southern  Railway  near  New  Baden. 


station. 


Latitude. 


Longitude. 


New  Baden,  north-south  road  crossing  about  3  miles  east  of.  Southern 

Rwy.  crossing 38 

Milepost  34,  private-road  crossing j      38 

New  Baden  station I      38 

Milepost  31,  road  crossing  north  and  south  170  feet  west  of 

North-south  road  crossing  of  Southcm  Rwy,  near  southwest  comer 
of  field  of  J.  B.  Freese,  Iron  post  stamped  "  Prim.  Trav.  Sta.  No.  17, 
1905' 


38 


31 

54.3  , 

88 

38 

57.0 

31 

5a2 

89 

40 

37.4 

31 

53.0  ' 

80 

42 

<AI 

31 

54.2  , 

89 

43 

5\5 

38    31     55l6 


MENARD   AND    SANGAMON    COUNTIES. 
TALLULA  aUADRANOLE. 

The  positions  in  the  following  list  were  determined  by  primary 
traverse,  run  in  June,  1905,  by  E.  L.  McNair,  topographer.  The 
line  begins  at  Browns  Crossing,  on  the  Wabash  Railroad,  at  the 
western  boundary  of  Sangamon  County,  and  runs  north  on  or  near 
the  county  line  to  about  the  center  of  T.  18  N.,  R.  8  W.,  Menard 
County,  thence  east  to  Petersburg: 
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Statiou. 


Browns  Crossing  flag  station,  center  of  track  at  railroad  crossing 

T.  15  N.,  R.  8  W.,  sees.  15  and  22,  near  quarter  comer  between,  T  road 
west 

T.  15  N.,  R.  8  W.,  sec.  10,  near  center  of,  in  triangle  of  roads,  at  T  road 
east,  iron  post  stamped  •'  Prim.  Trav.  Sta.  No.  7, 1905" 

T.  16  N.,  R.  8  W.,  near  center  sec.  34,  three  comers,  T  road  south 

T.  16  N.,  R.  8  W.,  sees.  27  and  34,  quarter  corner  between,  T  road  east 

T.  16  N.,  R.8  W.,  sees.  21  and  22,  quartercoraer  t)etween,  three  comers, 
county-line  road  to  north 

T.  16  N.,  R.  8  W.,  sees.  9,  10, 15.  and  16.  comer  of,T  road  east 

T.  16  N.,  R.  8  W.,  sees.  3,  4.  9.  aHd  10,  corner,  T  road  east 

T.  16  N.,  R.  8  W.,  sees.  Sand  4,  quarter  corner  between,  three  comers, 
T  road  to  west 

Ashland,  0.75  mile  east  of,  T.  17  N.,  R.  8  W.,  sees.  27,  28,  33.  and  34, 
comer  of,  at  intersection  of  roads,  at  northwest  comer,  iron  post 
sUmped  "Prim.  Trav.  Sta.  No.  8,  1905" 

T.  17  N.,  R.  8  W.,  north  west  comer  of  Sangamon  County,  T  road  to  east. 

T.  17  N.,  R.  8  W.,  sees.  15,  16,  21,  and  22,  comer  of 

T.  17  N.,  R.  8  W.,  sees.  9, 10, 15,  and  16,  comer  of,  T  road  west 

T.  17  N.,  R.  8  W.,  sees.  3  and  4;  quarter  comer  between,  four  comers., 

Tps.  17  and  18  X.,  R.  8  W.,  sees.  4  and  33,  quarter  comer  between 

T  road  south,  in  westem  part  sec.  28.  ,r , 

T.  18  N.,  R.  8  W.,  sees.  27  and  28,  quarter  comer  Ijetween,  T  road 
south,  Menard  and  Cass  county  line 

T.  18  N.,  R.  8  W.,  sees.  21,  22,  27,  and  28.  corner  of 

T.  18  N.,  R.  8  W.,  sees.  15  and  16,  quarter  comer  between,  in  grass  tri- 
angle in  center  of  road  south  ana  25  feet  south  of  center  of  east-west 
roiul,  450  feet  west  of  farm  bouse  of  Amoa  Shoneweiae,  iron  post 
•taiinM!d''Prim.Ti«v.  8U.  No.9. 1M6" 

T.  18  N.,  R.  8  W.,  sees.  14  and  15,  quarter  comer  t)etween,  T  road  to 
south 

T  road  to  north,  in  creek  bottom 

T.  18  N.,  Rs.  7  and  8  W.,  sees.  13  and  18,  quarter  corner  between,  four 
comers 

T  road  south  m  westem  part  of  sec.  17 

T.  18  N.,  R.  7  W.,  sees.  15and  16,  quartereorner  between,  T  road  south. 

Overhead  crossing  of  Chicago  and  Alton  R.  R 

Petersburg  station,  Chicago,  Peoria  and  St.  Louis  Rwy.,  center  of 
track 


Latitude. 


39  43  27.0 

39  44  23.7 

39  45  5L5 

39  47  34.4 

39  48  0a5 

39  49  19.1 

39  50  37.4 

39  51  29.7 

39  51  55i8 


39  53  14.4 

39  53  55i5 

39  54  5a6 

39  55  51.9 

39  57  ia3 

39  57  36.0 

39  58  5a8 

39  58  54.2 

39  50  2a2 


40  00  3&2 

40  00  3&5 

40  00  5L1 

40  00  38.6 

40  00  39.2 

40  00  39.2 

40  00  39.5 

40  00  41.20 


Longitude. 

O  /  // 

89  50  04.4 

89  50  04.9 

89  59  0&6 

89  SO  07.0 

89  59  02.6 

89  59  37.2 

89  59  37.8 

89  50  3&2 

89  59  3&1 


89  59  39.1 

89  50  3a0 

89  50  39.8 

89  59  4a  5 

89  59  41.6 

90  00  1&4 
90  00  43L6 

89  59  42.3 

8p  «  42.4 


89  59  42.6 

89  58  34.9 

89  57  26^9 

89  56  17.9 

89  55  02.8 

89  53  0a3 

89  51  3a  8 

89  50  46i40 


LAKE    COUNTY. 
WAUKEOAN  aVADRANOLE. 


In  June,  1906,  L.  E.  Tucker,  topographic  aid,  ran  a  line  of  primary 
traverse  around  the  borders  of  this  quadrangle,  starting  at  Benton 
triangulation  station,  United  States  Lake  Survey,  and  tying  to  pri- 
mary traverse  post  No.  1  of  1904. 

Magnetic  declination,  north  border,  3°  05'  east;  south  border,  2° 
34'  east;  west  border,  3°  58'  east. 


Geographic  positiotis  along  highways. 


Station. 


Benton  triangulation  station,  U.  3.  Lake  Survey,  In  NW.  \  NW.  J  sec. 

7,  Benton  Township.  Station  marie;  A  stone  post  2i  feet  l)elow  sur- 
face, with  another  directly  over  It  as  a  surface  marlc.  Height  of 
station  used  was  65  feet.    Reference  marlcs:  Two  stone  posts,  one 

8.  13*  04'  W.,  distant  565.9  meters;  one  N.  68*>  59'  E.,  distant  19.65 
meters.  Height  of  ground  at  station  above  mean  level  of  Lalce 
Michigan.  212.6  feet 

T-  46  N.,  R.  12  E.,  quarter  comer  sees.  7  and  8.  four  comers,  North 
Prairie  Church  on  northeast  corner;  schoolhouse  on  northwest 
comer a 

Chicago  and  Milwaulcee  Electric  R.  R.  and  Winthrop  Harbor  road, 
crossing  of 


Latitude. 


Longitude. 


42  29  02.88    87  52  43.15 


42  28  44.2 
42  28  43.9 


87  51  46.8 
87  50  41.9 
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Geographic  positions  along  Chicago  and  Northwestern  Railway,  Zion  City  to  Lake  Farai 


Station. 


Zion  City,  corner  of  Shiloh  boulevard  and  Elijah  avenue,  northeast 
comer  of  American  Express  office  90  feet  southwest 

Zion  City,  Shfloh  boulevard  and  Chicago  and  Northwestern  Rwy. 
crossing,  west  rail 

East-west  road  crossing 

Waukegan  court-house 

Chicago  and  Northwestern  and  Elgin,  Joliet  and  Eastern  Rwys., 
crossing  of 

Road  crossing,  east  and  west ». . 

Chicago  and  Northwestern  Rwy.  and  Chicago  and  Milwaukee  Electric 
R.  K.,  overhead  crossing  of 

Chicago  and  Northwestern  Rwy.,  overhead  crossing 

Lake  Forest,  in  southeast  comer  of  city  hall  yard,  corner  of  Forest 
and  Deerpatt  streets;  southeast  comer  of  city  hall  bears  N.  «3*  atK 
W.,  distant  34.5  feet;  northwest  comer  of  Chicago  Telephone  Co.'s 
building  (jears  S.  41°  30'  E.,  distant  77.3  feet;  iron  post  stamped 
'•  Prim.  Trav.  Sta.  No.  12,  1906" 

Chicago  and  Northwestern  R.  R.  and  highway  crossing 


Latitude. 

L«ongitud«. 

o 

, 

,f 

Off 

'      42 

26 

59.2 

87    49    3L0 

42 
42 

i      ^ 

26 
23 
21 

59.0 
04.8 
36.8 

87    49    W.  4 

87  49  %.2 
87    49    5K4 

42 
42 

19 
18 

29.9 
32.2 

87  so  2a  6 
87    50    «Lg 

42 
42 

16 
15 

45.3 
27.7 

87  50  47.9 
87    50    28.2 

42 

1      42 

15 
14 

oa9 

49.4 

87    50    2a7 

87    51    12.1 

Geographic  positions  along  highways. 


Station. 


Latitude. 


Tps.  43  and  44  N.,  Rs.  11  and  12  E I 

Tps.  43  and  44  N.,  R.  11  E.,  sees.  36  and  35  and  1  and  2 

Tps.  43  and  44  N.,  R.  11  E.,  approximate  comer  sees.  35,  34,  3,  and  2... 

lies  Plalnes  River,  on  south  side  of  town-line  road,  9.8  feet  southwest  I 
of  comer  of  iron  bridge  across  river;  an  8-inch  oak  on  opposite  side 
of  road  is  22  feet  north;  iron  post  stamped  "  Prim.  Trav.  Sta.  No.  13,  I 
1906". 


Milwaukee  road  and  town  line,  corner  of 

Four  corners  east  of  railroad  crossing 

Wisconsin  Central  Rwy.,  axiraulh  of,  at  station  69,  152*'  01'. 

Diamond  Lake,  in  southwest  comer  of  schoolhouse  No.  76,  Union,  5 
feet  north  of  school-yard  corner:  southwest  comer  of  schoolhouse  is 
83.6  feet  northeast;  southeast  comer  of  Wm.  Einzewam's  house  is 
20.5  feet  northwest  by  west;  iron  post  stamped  "  Prim.  Trav.  Sta. 
No.  14,  1906"  ' 


42  14  2^8 
42  14  24.2 
42  14  24.7 


42  14  25.6 
42  14  25.3 
42  14  25.3 


Elgin,  Joliet  and  Eastern  Rwy.,  azimuth  from  station  77,  282*  51'. 

Three  corners,  road  east 

Rockefeller,  Hotel  Cameron,  center  of  street  crossing 

Wisconsin  Central  Rwy.  and  highway  crossing 

Fou  r  comers 

Tps.  44  and  45  N.,  Rs.  10  and  HE 

Cages  Corners 

Three  corners,  road  west 

Druses  Lake,  at  three  corners  600  feet  north  of  north  shore  of,  oppo- 
site Brown's  cottage;  fence  corner  on  west  of  road  is  29.5  feet  south; 
blazed  oak  is  26.7  feet  north;  W.  C.  Brewer's  mail-box  i>ost  No.  4  at 
comer  is  22  feet  southeast;  iron  post  stamped  *'  Prim.  Trav.  Sta. 
No.  15,  1906" 

Road  crossing 

T.  45N.,  R.  10  E.,  sees.  1  and  12 

T.  45  N.,  R.  11  E.,  comer  sees.  6  and  7 

Township  comer 

Four  comers,  road  east  and  west,  northwest  and  southeast 

Hickory  Corners,  an  oak  tree  is  35  feet  northeast,  Methodist  Church 
is  on  southwest  corner,  mail  box  No.  69-is  35  feet  northwest 

Three  comers,  road  west,  »^hoolhouse  on  northwest  comer , 

Pikeville,  Wis.,  four  comers,  south  side  State-line  road,  west  side 
north-south  road;  fence  comer  on  southwest  comer  is  30  feet  south- 
west 


T.  1  N..  R.  21  E.,  60  feet  northeast  of  south  comer  of  sees.  34  and  35. 
north  side  State-line  road.  800  feet  northwest  of  Chas.  Crawford's 
house;  iron  post  stamped  "Prim.  Trav.  Sta.  No.  1, 1904" 


42  22  17.8 

42  23  09.6 

42  24  02.1 

42  24  02.1 

42  24  54.5 

42  26  39.4 

42  27  58.1 

42  28  24.1 


42    29    44.5 
42    29    42.5 


Longitude. 


87    53    Oai 
87    54    19.6 

87  55  aao 


87  56  21.5 
87  56  39.7 
87    58    36.2 


42 

14 

29.1 

88    00 

VL\ 

42 

15 

18.5 

88    00 

OaO 

42 

16 

25.2 

88    00 

Hl^ 
17.4^ 
15.2^ 

42 

17 

51.7 

88    00 

42 

18 

21.5 

88    00 

42 

19 

39.9 

88    00 

16.3 

42 

20 

19.2 

88   OO 

16.1 

42 

21 

37.8 

88    00 

06.5 

88  01  Vl% 

88  00  115 

88  00  111 

88  00  111 

88  00  IXC 

88  00  37,4 

88  01  01.4 

88  01  015 


88  01  aai 

87    »    215 
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DUPAGE   COUNTY. 


WHEATON  aVADKANGL^. 

The  following  geographic  positions  were  determined  by  primary 
traverse  by  E.  L.  McNair,  topographer,  in  June,  1905.  The  line 
starts  at  Lombard  triangulation  station  of  the  United  States  Lake 
Survey,  near  Lombard,  111.,  and  runs  north  to  Itasca,  on  the  Chicago, 
Milwaukee  and  St.  Paul  Railway;  thence  west  along  railway  and 
highway  to  a  point  near  the  northwest  corner  of  Dupage  County; 
thence  south  along  Elgin,  Joliet  and  Eastern  Railway  and  highway 
to  a  point  about  1.5  miles  east  of  the  southwest  comer  of  Dupage 
County;  thence  easterly  via  highways  to  quarter  comer  between 
sees.  27  and  28,  Downers  Grove  Township;  thence  north  to  point 
of  beginning. 

Geographic  positions  from  Lombard  triangulation  station  North  to  Chicago ^  Mihvauhee 

and  St.  Paul  Railway. 


Station. 


Lombard  tjlangulatlon  station,  U.  S.  Lake  Survev,  in  NW.  J  sec.  4, 
York  Township.  Station  mark:  A  stone  post  3  feet  below  surface. 
Reference  marks:  Three  stone  posts,  one  N.  8*  52'  W,,  distant  117.03 
meters;  one  N.  85*  11'  E.,  distant  150.05  meters;  and  one  at  center 

of  sec.  4,  S.  13°  05'  E.,  distant  575.32  meters 41 

T.  39  N.,  R.  11  E.,  four  comers,  quarter  corner  north  side  sec.  5 41 

T.  40  N.,  R.  11  E.,  quarter  corner  north  side  sec.  32,  four  comers  east, 

west,  and  south 41 

T.  40  N.,  R.  11  E.,  sec.  20,  four  corners 41 

Itasca,  0.06  mile  southeast  of  station,  road  corners  east,  west,  and  south. '    41 
Itasca,  400  feet  southeast  of  Chicago,  Milwaukee  and  St.  Paul  Rwy.  i 
station,  vertical  face  of  west  wing  wall,  north  abutment  of  highway- 
bridge  over  creek,  100  feet  south  of  railway  tracks,  aluminum  tablet  I 
stamped  "  Prim.  Trav.  Sta.  No.  1,  lOa^" 41 


ide. 

Longitude. 

0 

07.69 

87 

59 

24.29 

17.6 

88 

00 

2a4 

10.3 

88 

00 

29.5 

18.4 

88 

00 

11.8 

02.4 

88 

00 

11.0 

58    16.2 


88    00    46.8 


Geographic  positions  along  Chicago,  MihrauJcee  and  St.  Paul  Railway,  Itasca  to  Bartlett, 


station. 


Latitude. 


Longitude. 


Meacfaam,  0.75  mile  east  of  station,  road  crossing !  41  58 

Meacbam,  center  of  south  track  opposite  station 41  58 

Roselle,  center  of  south  track  opposite  station 41  59 

Roselie,  1.75  miles  west  of  station,  road  crossing 41  59 

Ontarioville,  center  of  south  track  opposite  station 41  59 

Bartlett  station,  center  of  track  opposite  semaphore 41  59 

Bartlett,  0.6  mile  west  of  station,  road  crossing 41  59 

Bartlett,  1.75  miles  west  of,  on  highway,  four  comers 41  59 


I 


31.2 
41.9 
00.2 
22.4 
18.6 
32.9 
41.0 
40.0 


88  02 

88  03 

88  04 

88  06 

88  09 

88  11 

88  11 

88  13 


11.1 
04.1 
35.5 
34.9 
11.8 
09.2 
51.5 
03.8 


I 


Geographic  positions  along  Elgin,  Joliet  and  Eastern  Railway. 


station. 


Latitude. 


Longitude. 


Koad  crossing  near  water  tank  0.5  mile  south  of  Chicago,  Milwaukee 
and  St.  Paul  Rwy.  junction I 

Illinois  Central  R-  R.  crossing,  0.5  mile  north  of,  road  crossing 

Illinois  Central  R.  R.  crossing,  in  vertical  face  of  south  abutment  of 
overhead  bridge  10  feet  south  of  Illinois  Central  track,  in  line  with 
center  of  Elgin,  Joliet  and  Eastern  Rwy.  track,  aluminum  tablet 
stamped  "  Prim.  Trav.  Sat.  No.  2,  19a5  " 

Chicago,  .\uroraand  Elgin  Third  Rail  Electric  l.inc 

Chicago,  Aurora  and  Elgin  Third  Rail  Electric  Line,  road  crossing 0.75 
mil*?  south  of 


38.8 
32.7 


a-S-O 
50.3  I 


14 
14 


88 
88 


11.1 
12.0 


12.4 
13.4 


41    56    09.7 


88    14    14.0 
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Geographic  positions  along  highways  in  Wayne  and  WinfiM  townships. 


Station. 


Latitude. 


Chicago.  Burlington  and  Quincy  Uwy.  crossing  of  branch  line  in  east- 
ern part  of  8W.  IS.  T.  39  N.,  K.  9E.  (Winficld  Township) 

T.  39  N.,  R.  9  E..  near  line  biHwoon  sees.  17  and  18,  Chicago,  Burlington 
and  Quincy  Rwy.  branch  lino  from  Wa-^t  Chicago  to  Aurora.  672  feet 
northoast  of  north-south  road,  in  north  end  of  east  abutment  of  open 
culvert,  aluminum  tablet  stamped  "  l*rim.  Trav.  Sta.  No.  3, 1905".. 

T.  39  N.,  R.  9  E.,  Winfleld  Township,  in  sec.  19,  road  comers  east,  west, 
and  north , 

T.  39  N.,  R.  9  E.,  Winfleld  Township,  near  center  sec.  32,  four  comers. 


41    51    57.3 


41    52    00.9 


55.0 
13.0 


Chicago  Great  West^^m  Rwy.  crossing,  T.  40  N.,  R.  9  E.,  Wayne  Town- 
ship, in  NW.  i  sec.  32 41    54    .33.0 

T.  40  N. ,  R.  9  E. ,  Wayne  Township,  near  southwest  comer  sec  32,  road 
comers  east,  west,  and  south 41    53    58.0  | 

T.  39  N.,  R.  9  E..  Winfleld  Township,  In  northeast  comer  sec.  7,  Chicago 
and  Northwestern  Rwy.  crossing 


LoQgitode. 


88    14    » I 

«sS     14    3&4 


88    14    3lI 


14  sl: 


88 

88 


ST.: 


Geographic  positions  along  Elgin,  Joliet  and  East4m  Railway  in  Naperrille  Town^p. 


Station. 


Latitude. 


Longitodc. 


T.  38  N.,  R.  9  E.,  in  eastem  part  of  sec.  5,  Napenillo  Township,  road 

crossing 

T.  38  N.,  R.  9  E..  sec.  8,  Naperville  Township,  Chicago,  Aurora  and  > 

Elgin  Electric  Rwy.  crossing I      41 

Frontenac  siding,  2  miies  north  of  crossing  Chicago,  Burlington  and  I 

Quincy  Rwv.  main  line i      41 

Frontenac  siding,  1  mile  north  of,  road  crossing 41 

Frontenac  siding,  road  crossing 41 

Frontenac  siding,  0.75  milt?  south  of.  road  crossing. '      41 


41 


48 

39.1  1 

J« 

13 

33.3 

47 

49.3 

88 

13 

tlfc 

46 
45 
44 
43 

3ai 

36.8 
41.3 
56.4  , 

88 

88 
88 
8S 

13 
13 
13 

14 

Sis'. 
SB.-' 

Geographic  pos^itions  along  highway  from  southwest  comer  of  Naperville  Township  east- 
ward to  southern  half  of  Downers  Grove  Township. 


Station. 


T.  38  N.,  R.  9  E.,  quarter  comer  l)etween  sees.  33  and  34,  Naperville 

Township,  Copemiagen  Church  on  northea-st  comer,  four  comers 

T.  38  N.,  R.  9  E.,  quarter  comer  l3Ctween  sees.  34  and  35,  Naperville 

Township,  four  corners. 

Road  corners  north,  south,  and  west;  quarter  comer  Ijetween  sees.  35 

and  36,  Naperville  Township 

T.  38  N.,  R.  9  E..  quarter  comer  lM?tween  sees.  25  and  26,  Naperville 

Township,  road  comers  east,  west,  and  south 

T.  38  N..  K.  10  E.,  in  sec.  30,  Lisle  Township,  road  comers  northwest, 

southeast,  and  south 

T.  38  N.,  R.  10  E.,  sec.  30,  400  feet  west  of  farmhouse  of  H.  llaight,  400 

feet  east  of  iron  truss  highway  bridge,  in  capstone  at  north  end  of 

stone  arch  culvert.   Lisle  Township;  aluminum  tablet  stamped 

*'  Prim.  Trav.  sta.  No.  5.  1905" 

T.  38  N.,  R.  10  E.,  north  part  of  sec.  28,  Lisle  Township,  road  comers 

east ,  west,  and  north 

T.  38  N.,  R.  10  E..  in  8W.  }  sec.  23,  Lisle  Township;  schoolhouse  on 

nort  heast  corner;  four  corners 

T.  38  N.,  R.  10  E..  center  sec.  25,  Lisle  Township;  road  comers  north, 

south ,  and  east 

T.  38  N..  Rs.  10  and  11  E.,  quarter  comer  between  sees.  25  and  30,  Lisle 

and  Downers  Grove  townships,  four  comers 

T.  38  N.,  R.  11  E.,  sec.  29,  Downers  Grove  Township,  road  comers  east, 

west .  and  north 

T.  3H  N.,  R.  11  E..  quarter  comer  Ijetween  sees.  28  and  29,  Downers 

Grove  Town.ship:  road  corners 

T.  38  N.,  R.  11  E.,  quarter  corner  between  sees.  27  and  28,  four  comers. 


,      Latitude. 

Longitude. 

o 

, 

„ 

o 

, 

43 

57.7 

88 

12 

21.'- 

43 

58.5 

88 

11 

11.: 

43 

59.5 

J« 

10 

01 : 

44 

52.0 

88 

10 

Ol.f 

45 

22.7 

88 

08 

«LV 

45 

05.6 

88 

07 

44^ 

45 

23.1 

88 

05 

5i& 

45 

39.0 

88 

03 

54.  V 

45 

01.7 

88 

02 

3t-i 

45 

02.8 

88 

01 

51.9 

45 

04.5 

88 

00 

27.: 

I    '*^ 

45 
45 

05.4 
06-8 

87 
87 

59 

o8 

214 
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Geographic  positions  along  highways  north  through  Downers  Grove  Township  to  Lombard 

triangulation  station. 


station. 


T.  38  N.,  R.  11  E.,  comer  aecs.  15,  U>,  21,  and  22,  four  comers,  Downers 

Grove  Township , 

T.  38  N.,  R.  11  E.,  corner  sees.  9, 10,  If),  and  16,  four  comers,  Downers 

Grove  Township 

Greggs  flag  station  on  Chicago,  Burlington  and  Quincy  Rwy.,road 

crossing 

Greggs  flag  station,  0.6  mile  east  of,  in  capstone  at  south  end  of  arch 

culvert,  II  feet  south  of  center  of  south  traclc,  aluminum  tablet 

stamped  "  Prim.  Travrsta.  No.  4. 1905" 

T.  38N.,  R.  11  E.,  quarter  comer  l)et  ween  sees.  3  and  4,  Downers  Grove 

Township,  four  comers * 

Road  comers  east,  west,  and  north,  sec.  33,  York  Township,  T.  39  N., 

R.  11  E 

T.  39  N.,  R.  11  E.,  sec.  28,  York  Township,  four  corners 

York  Center,  four  comers 

T.  39  N.,  R.  11  E.,  on  line  between  sees.  9  and  16,  four  comers 


Latitude. 


INDIAIS^A-KEXTITCKY. 

PRIMARY   TRAVERSE. 


Longitude. 


41  46  25.4  I  87  58  28.0 
41  47  17.6  I  87  58  30.0 
41     47    44.2  ,        87    58    30.9 


41 

47 

44.1 

87 

57 

49.5 

41 

48 

36.5 

87. 

58 

32.8 

41 

49 

27.1 

87 

59 

27.5 

41 

50 

35.7 

87 

59 

26.0 

41 

51 

38.2 

87 

59 

33.4 

41 

52 

30.5 

87 

59 

36.2 

CLARK,  FLOYD,   AND  HARRISON  COUNTIES,   IND. ;  BULLITT,  JEFFERSON, 
AND   OLDHAM    COUNTIES,  K\\ 

L0UI8YILLE,  NEW  ALBANY,  PROSPECT,  AND  RIVERVIEW  aVADRANOLES. 

The  following  geographic  positions  were  determined  by  primary 
traverse  run  in  1904  by  J.  R.  Ellis.  The  line  starts  from  the  Louis- 
ville Blind  Asylum,  a  triangulation  station  of  the  United  States  Coast 
and  Geodetic  Survey,  and  runs  southward  on  the  Louisville  and  Nash- 
ville Railroad  to  Shepherdsville,  thence  eastward  via  highways  to 
Mount  Washington,  thence  northward  via  highways  to  Anchorage, 
thence  westward  over  the  Louisville  and  Nashville  Railroad  to  the 
starting  point  at  Louisville.  A  line  was  also  run  from  Mount  Wash- 
ington southeast  to  Smithville  and  return.  A  spur  line  was  run  over 
highways  from  Shepherdsville  west  via  Capio  to  West  Point;  also  one 
from  Anchorage  northeast  over  the  Louisville  and  Nashville  Railroad 
to  Beard,  and  thence  northward  along  highways  via  Brownsboro  and 
Skylight  to  Westport. 

In  1905  C.  B.  Kendall  ran  two  lines  of  primary  traverse — namely, 
from  Anchorage  to  Hatton  and  from  Smithville  to  Gudgel,  on  the 
Frankfort  quadrangle — in  order  that  the  positions  determined  by  Mr. 
Kllis  on  the  Louisville  astronomic  datum  could  he  reduced  to  the 
United  States  standard  datum.  A  correction  of  —2.38"  in  latitude 
and  +3.16"  in  longitude  has  therefore  been  applied  to  the  original 
computed  values  to  reduce  thenfto  the  United  States  standard  datum. 

Mr.  Kendall  also  ran  lines  of  traverse  in  Indiana  around  the  borders 
of  the  Prospect,  New  Albany,  and  Riverview  quadrangles,  tying  to 
Westport  and  West  Point,  and  thus  closing  circuits  on  traverse  posi- 
tions located  by  Mr.  Ellis  at  those  i>laces. 
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PRIMARY    TRIANGULATION    AND    PRIMARY    TRAVERSE. 


LOUISVILLE   AND   PROSPECT  QUADRANGLES   (bULLITT,   JEFFERSON,    AND   OLDHAM  COUN- 
TIES,  KY.;   CLARK   AND   FLOYD   COUNTIES,  IND.). 

LoolBvllle  qaadrani^le  (BolUtt  and  JeflTerson  counties,  Ky.). 

Geographic  positions  at  Louisville. 


station. 


Latitude. 


IxtngitndeL 


Louiaviile,  Blind  Asylum  triangulation  station,  center  of  cupola 38    15    23. 07 

Louisvilio,  Story  street  crossing  of  Louisville  and  Nashville  R.  R.  i 

(Short  Line  division) 38    15    18.4 

Louisville,  Catholic  Cathedral,  Fifth  and  Walnut  streets,  triangula-  , 

tion  station,  center  of  spire 38    15    05. 63  I 

Louisville,  Ohio  River  survey,  United  States  Army  Engineers  (1903),  ; 

station  602  M +285  feet I  38    15    3L66  ' 


85  «  i:.* 

85  43  4i3 

85  45  310: 

85  45  54" 


Geographic  positions  along  Louisville  and  Nashville  Railroad  between  Highland  Pvh 

and  Shepherdsville, 


Station. 


HU^post  179 

Hoertz  station,  road  crossing 

Private  road  crossing  east  and  west 

South  Park,  road  crossing  at  section  house 

South  Park,  in  southwest  comer  of  field  owned  by  South  Park  Co., 
southeast  comer  of  Louisville  and  Nashville  R.  R.  station  bears  7* 
W. ,  distant  112  feet;  cross  on  stone  wall  to  south  end  of  culvert  bears 
N.  69*  W.,  distant  19.7  feet;  cemented  in  stone,  aluminum  tablet 
stamped  "  Prim.  Trav.  Sta.  No.  31" 

Coral  Ridge  station,  road  crossing % 

Riley  triangulation  station.  Ignited  States  Coast  and  Geodetic  Survey, 
on  knob  owned  by  W.  H.  Riley,  Brooks  post  office  station  mark;  a 
stone  post  24  by  4  by  4  Inches,  set  in  ground  above  an  earthenware 

. .  pyramid 

Brooks  station,  road  crossing  1.5  miles  north  of 

Brooks  station,  road  crossing 

Fox  Ridge,  station  board 

Hubers  station 

Pike  crossing 

Private-road  crossing 

Shepherdsville,  In  northwest  comer  of  court-house  yard,  northwest 
corner  of  water  table  bears  8.  23°  40'  E.,  distant  77.7  feet;  northwest 
comer  of  court-house  yard  is  2.2  feet  northwest:  iron  post  set  42 
inches  in  the  ground,  stamped  "  Prim.  Trav.  Sta.  No.  32" 


Latitude. 

Longlto*. 
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43 

3i: 

38 

05 
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85 

42 
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38 

04 

57.8 

85 

43 

07.5 

38 

03 

39.3 

85 

42 
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38 

02 

46.5 

85 

42 

3^4 

38 

01 

50.7 

85 

42 

M.t 

38 

00 

58.0 

85 

42 

114 

38 

00 

21.2 

85 

42 

3X3 

37 

59 

16.6 

85 

42 

3L'i 

Geographic  positions  along  highways. 


Station. 


Shepherdsville,  1.25  miles  east  of,  T  road  northwest,  48  feet  west  to  mail 
box.  40  feet  north  to  cross  on  gatepost 

Floyds  Fork,  center  of  ])ridge  over 

T  road  northwest,  40  feet  west  to  cross  on  telephone  pole.  25  feet  south 
to  cross  on  fence  post 

Pleasant  fJ  rove  schoolhouae,  T.  Wise's  mail  box  on  telephone  pole 

Stalllngs's  (William)  garden,  at  northwest  comer  of,  nail  in  blar.ed  wal- 
nut tree,  bears  N.  33*>  30'  W.,  distant  44.2  feet:  northwest  comer  of 
Stallings's  house  bears  S.  78° 40'  E.,  distant  153.4  feet:  Iron  post  set  40 
inches  in  ground,  stamped  *  *  Prim.  Trav.  Sta.  No.  35  " 

Bethel  Church,  T  road  north  at,  37  feet  west  to  W.  Boss's  mail  box,  15 
feet  south  to  comer  stone  on  south  side  of  road 

Road  south.  18  feet  southeast  to  R.  IL  Hall's  mall  box,  44  feet  south- 
west to  cross  on  comer  fence  post 

Mount  Washington,  road  southeast  0.5  mile  southwest  of,  15  feet  north 
to  cross  on  l>oard  fence,  50  feet  east  to  cross  on  comer  fence  post 

Mount  Washington,  intersection  of  roads  in  south  part  of,  27  feet  east 
to  telephone  pole,  48  feet  north  to  telephone  pole 

Road  soutliwest,  15  feet  north  to  cross  on  fence  post,  25  feet  southwest 
to  cross  on  comer  post 

Blacksmith  shop,  crossroads  at,  33  feet  southeast  to  comer  fence  post,  , 
39  feet  southeast  to  arrow  on  fence !     38 


1 
Latitude. 

Longitude. 
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Oeographic  positions  aloTig  highways — Continued. 


Station. 


Latitude. 


Ting  post-office,  0.5  mile  northeast  of  T  road  northwest,  24  feet  east  to  , 
cross  on  fence  post  36  feet  north  to  persimmon  sapling 

Road  southeast  at  branch,  24  feet  east  to  cross  on  picket  fence,  36  feet  i 
southwest  to  arrow  on  fence 

Whitfleid,  road  west  1  mile  southwest  of,  900  feet  northeast  of  school 
house 


Bullitt- Jefferson  county  iine,  stone  platform  in  front  of  briclc  house 

Forks  of  road,  30  feet  south  to  walnut  tree,  60  feet  northwest  to  cross  on 
large  sycamore  tree 

Malott  post-office,  1.2  miles  south  of,  in  comer  of  field  of  O.  E.  Georger; 
southeast  comer  of  Georger's  house  bears  N.  W*  40^  E.,  distant  147.2 
feet;  cross  on  foundation  to  stable  bears  S.  60*»  20'  W.,  distant  5^.6 
feet;  iron  post  stamped  "Prim.  Trav.  Sta.  No.  37" 

Floyds  Fork,  south  end  of  covered  bridge  over 

Briawells's  (Thomas)  residence,  small  pasture  In  front  of,  center  of  gate 
to, 


Large  white-oak  tree,  cross  mark  on *. 

Crossroads,  50  feet  south  to  comer  stone  of  fence,  28  feet  northwest  to 

cross  on  comer  fence  post 

Road  west.  30  feet  northwest  to  cross  on  comer  rail  fence,  16  feet  east 

to  small  locust  tree 

Heddy  road,  south  at  Taylorsville  pike,  18  feet  north  to  cross  on  fence 

post,  43  feet  southeast  to  cross  on  telephone  pole 

Tucker  station,  crossing  of  Southern  R wy .  0. 25  mile  east  of 

Center  small  bridge 

T  pike  east,  25  feet  southeast  to  mall  box,  20  feet  northeast  to  east  end 

of  tile  culvert 

Middletown,  cross  streets  at  Methodist  Church,  41  feet  southwest  to 


T  roadwest, 
cross  on  comer  yard  fence  post 


iron  j>ump,  30  feet  southeast  to  cross  on  telephone  ooie 

34  feet  southwest  to  stone  gatepost,  19  feet  southwest  t 


Longitude. 
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38 

15 

18.8 
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Geographic  posiiions  along  highways  between  Mount  Washington  and  Smithville. 

[Double  spur  line.] 


Station. 


Mount  Washington,  road  northeast  1.3  miles  southeast  of,  48  feet  to 
croAS  on  comer  fence  post,  ^  feet  southeast  to  cross  on  comer  rail 


fence. 


Road  south,  21  feet  west  to  mall  box,  30  feet  southeast  to  cross  on  fence 
post 

Smithville,  in  lot  at  north  comer  of  J.  W.Markwell's  front  yard;  north- 
west comer  of  Markwell's  house  bears  S.  8"  45'  E.,  distant  86.9  feet; 
cross  on  comer  of  top  comer  stone  to  wall  on  opposite  side  of  road 
bears  N.  53o  15'  E.,  distant  55.1  feet;  Iron  bencn-mark  post  set  36 
inches  in  ground,  stamped  '*  Prim.  Trav.  Sta.  No.  36  " 


Latitude.      !     Longitude. 


38    01    53.0  I        85    31    39.9 
38    01    07.6  1        Sa    31    20.1 


38    00    46.2  ,        85    30    52.4 


Prospect  qnadrangrle  (JefTersoii  and  Oldham  countieH,  Ky.;   Clark  and  Floyd  counties, 

Ind.). 

Geographic  positions  along  the  Louisville  and  Nashmlle  Railroad  between  Anchorage  and 

Louisville^  Ky. 


Station. 


Anchorage,  in  circular  park  about  300  feet  northwest  of  club  house;  top 
of  east  stone  gatepost  to  entrance  to  Clark  property  bears  N.  79°  15' 
W.,  distant  106.3  feet;  south  rail  of  south  track  at  road  crossing  near 
park  bears  N.  55°  30'  E.,  distant  61-8  feet;  iron  post  stamped  ''Prim. 
ftav.Sta.  No.38" 

I>akeland  station 

Milepoet  10,  road  crossing  540  feet  west  of , 

Lyndon,  pike  crossing  380  feet  west  of 

Beechwood  station,  north  track  opposite 

8t.  Matthews,  in  northeast  comer  of  pubUc  school;  northeast  comer  of 
0choolhouse bears  S.  30°  40'  E.,  distant  171.1  feet;  south  rail  of  L.  and 
E.  Electric  R.  R.  bears  N.  10.6 feet;  In  stone  post  set  in  ground,  tablet 
stamped  **  Prim.  Trav.  Sta.  No.  41 " 

Louisyflle,  road  crossing  at  entrance  to  city  reservoir 


Latitude. 


Longitude. 
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Geographic  positions  along  Louisville  and  Nashville  Railroad,  Anchorage  to  Beard. 


Station. 


Latitude. 


LongitiKfe. 


Forest  station,  road  crossing  0.33  mile  south  of 38 

O'Bannon  station,  road  crossing  600  feet  north  of 38 

Pewee  Valley  station,  road  crossing  about  300  feet  west  of 38 

Beard,  road  crossing  at  station 38 


15 

58.9 

85 

31 

34.0 

17 

18.8 

85 

30 

48.0 

18 

31.8 

85 

» 

22-1 

19 

22.3 

85 

28 

21.4 

Geographic  positions  along  highway j  Beard  to  Westport  {KentiLcky). 


station. 


Beard,  Y  roads  2  miles  north  of,  20  feet  c?ast  to  cross  on  fence  post,  46 
feet  northeast  to  cross  on  sycamore  tree 

Brownsboro,  in  southeast  comer  of  schoolhouse  yard;  northeast  cor- 
ner of  east  stone  gatepost  to  entrance  to  school  yard  bears'N.  41°  50^ 
W.,  distant  87.3  feet;  cross  cut  on  southeast  comer  of  foundation  to 
schoolhouse  bears  N.  36°  20^  £.,  distant  262.3  feet;  iron  post  stamped 
"Prim.  Trav.  Sta.  No.39" 

Speers's  (J.  T.)  residence,  intersection  of  pikes,  16feet  southeast  to  cross 
on  telephone  pole,  27  feet  north  to  mail  box 

Center  of  gate  at  north  end  of  lane,  county  road  enters  gate 

Turn  of  road  at  northeast  comer  of  small  bridge 

T  road  southwest  at  two  gates,  comer  stone 

Crossing  of  lx)ui8ville  pike  and  dirt  road  at  church,  27  feet  west  to  mall 
box,  37  feet  east  to  cross  on  telephone  pole 

Skylight,  road  northwest.  30  feet  north  lo  comer  fence  post,  24  feet 
southeast  to  northwest  comer  blacksmith  shop 

Road  south,  24  feet  north  to  cross  on  board  fence,  33  feet  southwest  to 
cross  on  beech  tree 

T  road  north,  15  feet  southwest  to  cross  on  telephone  pole,  27  feet 
northwest  to  cross  on  comer  fence  post 

Westport,  cross  on  face  of  south  gatepost  to  gate  across  road 

Westport,  center  of  crossing  of  llaln  and  Third  streets * . 

Westport,  In  northeast  comer  of  public  school  grounds;  cross  on  stone 
foundation  at  northeast  comer  of  schoolhouse  bears  S.  15°  lO'  W., 
distant  140  feet;  northwest  comer  wall  to  cemetery  bears  S.  32°  55' 
E.,  distant  130.3  feet;  iron  bench-mark  post  stamped  "  Prim.  Trav. 
Sta.  No.  40" 


Latitude. 


38    20    39.7 


38  21  27.9 

38  21  56.0 

38  22  49.3    I 

38  24  26.4    l 

38  24  52.7 

38  25  27.6 

38  25  56.6    I 

38  26  02.0    I 

38  26  26.8 

38  28  08.0 

38  28  42.4    I 


Loogitude. 


85    29    29-9 


85  30  00.4 

85  30  40.1 

85  30  M.7 

«•.  32  04.i 

85  31  27.9 

85  32  14,1 

85  31  I8w2 

85  30  08.0 

83  29  11.6 

85  28  47.5 

85  28  3LS 


38    28    46.46        85    28   35.93 


The  following  geographic  positions  on  the  United  States  standard 
datum  were  obtained  from  primary  traverse  run  in  1905  by  C.  B. 
Kendall,  field  assistant.  The  line  starts  from  Ijouisville,  Ky.,  with 
position  of  cupola  of  the  Catholic  Cathedral,  near  comer  of  Fifth  ave- 
nue and  Walnut  street  and  runs  north  along  Fifth  avenue  to  Ohio 
River,  which  was  crossed  by  triangulation  into  Jeffersonville.  The 
line  then  follows  the  Pittsburg,  Cincinnati,  Chicago  and  St.  Louis 
Railway  north  to  Chaney  station,  thence  east  along  public  highways 
to  Westport,  Ky.,  closing  on  traverse  position  at  that  place. 

Geographic  position  at  Jeffersonville,  Ind. 


station. 


JelTersonvlIIe,  crossing  Baltimore  and  Ohio  Southwestern  and  Penn- 
sylvania Inter-Urban  R.  Rs.,  center  of  tracks 


Latitude. 


38    16    26.6 


Langitnde. 


44    5S.« 
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Geographic  pontions  along  Pittsburg^  Cincinnati^  Chicago  and  St.  Louis  Railway 

(Indiana). 


Station. 


Latitude.      '     Longitude. 


JeffersonvUlc,  crossing  Baltimoro  and  Ohio  Southwestern  R.  R.  and  °  '       " 

Pittsburg,  Cincinnati,  Chicago  and  St.  Louis  Rwv,  center  of t  38  16  59. 7 

Jcflfersonville,  2.2  miles  north  of,  road  crossing,  center  of  traclc 38  18  13. 5 

Pennsylvania  and  Baltimore  and  Ohio  R.  Rs.,  crossing,  500  feet  north  I 

of,  center  of  track  at  road  crossing 38  19  11.3 

Cementville  station,  0. 7  mile  south  of,  road  crossing,  center  of  track  . . '  38  20  23. 4 
Cementville  station,  200  feet  north  of,  pike  crossing,  center  of  main  , 

track I  38  20  59.4 

Cementville,  1.5  miles  north  of,  road  crossing,  center  of  track 38  22  13^  8 

Sellersburg  station.  150  feet  south  of,  street  crossing,  center  main  track.  |  38  23  40. 9 
Sellersburg,  at  south  end  of  station,  iron  post  stamped  "  Prim.  Trav. 

Sto.  No.  1,  1905'  I  38  23  42.5 

Speeds  station.  250  feet  south  of,  road  crossing,  center  of  track 38  24  40.5 

Speeds  station,  1  mile  north  of,  center  of  track  at  second-class  road  i 

crossing '  38  25  36.1 

Milepost  "  L  14,"  500  feet  south  of,  road  crossing  and  east-west  town-  i 

ship  line,  center  of  track '  38  26  34.9 

Milepost  "  L  15."  800  feet  north  of,  road  crossing,  center  of  track 38  27  3a  0 

Milepost "  I^  16,"  400  feet  south  of,  second-class  road  crossing,  center  of  | 

track ,  38  28  1&  4 

Memphis  station,  475  feet  north  of.  Main  street  crossing,  center  of  track. '  38  29  00. 8 

Chancy  station,  road  crossing,  center  of  track '  38  30  24  6 

Chaney  station,  in  northeast  comer  of  intersection  of  public  crossroads,  | 

90  feet  east  of  Chaney  station  signal  tower,  95  fept  northeast  of  road 

crossing,  Iron  post  stamped  "Prim.  Trav.  Sta.  No.  2,  1905'* |  38  30  25.2 


85  44  37.8 

85  45  a'i.2 

85  45  04.6 

85  44  52.5 

85  44  45.6 

85  44  4a  0 

85  45  01.2 

85  45  01.6 

85  45  0&8 

85  45  17.9 

85  45  46.8 

85  46  00.6 

85  45  52.5 

85  45  42.1 

86  45  6a  7 


85    45    52.9 


Geographic  positions  along  highways  on  north  border  of  quadrangle  (Indiana) . 


Station. 


Chancy,  1.7  miles  northeast  of  station,  in  southeast  comer  of  intersec- 
tion of  four  comers,  township  line  between  Monroe  and  Union  town- 


ships. 


Three  comers  at  top  of  hill,  public  T  road  to  northeast,  30  feet  sc^uth- 

east  to  telephone  pole,  20  feet  southwest  to  telephone  pole 

Church  and  cemetery.  0.5  mile  west  of.  four  comers.  30  feet  southeast  to 

oak,  12  feet  north  to  old  gatepost 

Church  and  cemetery,  1  mile  east  of,  three  comers,  T  road  northwest, 

center  of  triangle 

Three  comers,  public  T  road  to  southwest,  40  feet  south  to  walnut,  40 

feet  northwest  to  walnut 

Three  comers  at  white  house.  50  feet  southeast  to  apple  tree,  30  feet 

west  to  comer  front  yard  fence 

Three  comers  at  small  two-story  house,  about  3  miles  north  of  Charles- 
town,  T  road  to  northwest,  telephone  pole  at  comers 

Hughes  milk  station.  1  mile  east  of,  four  comers,  40  feet  north  to  post, 

40  feet  south  to  post 

Hughes  milk  station,  1.25  miles  east  of,  four  comers,  560  feet  northeast 

of,  stone  set  at  west  edge  of  road,  carved  on  top  "  N  R'  and  on  east 

face  "139" 

Greens  Mill,  1.25  miles  northwest  of,  three  comers,  public  T  road  east, 

stone  planted , 

G  reens  Mill,  three  comers,  T  road  west  up  hill,  50  feet  east  to  ice  house, 

30  feet  west  to  sycamore , 

Riinyan,  store  and  post-oflBce.  300  feet  northeast  of,  at  west  edge  of 

main  road  at  second-class  road  to  west  and  bend  of  main  road  to  east, 

iron  post  stamped  "  Prim.  Trav.  Sta.  No.  3,  1905" 

Ranyan,  1.5  miles  northeast  of,  three  comers.  T  road  to  southeast.  40 

feet  south  to  elm,  30  feet  northwest  to  sweet  gum 

Vesta  post-office,  2.1  miles  northwest  of.  four  comers.  20  feet  south  to 

comer  post  of  wire  fence.  40  feet  west  to  comer  of  garden 

Vesta  post-office,  1  mile  northwest  of,  four  comers,  intersection  of  sees. 

103, 104, 123,  and  124,  Owens  Township,  stone  planted 

Vesta  post-office,  four  comers,  25  feet  north  to  comer  of  wire  fence,  25 

feet  west  to  telephone  pole 

Solon  post-office,  well  at  four  comers I 

Solon  post-office.  0.9  mile  southeast  of.  forks  of  public  roads  southeast  I 

and  east,  30  feet  south  to  comer  of  fence.  20  feet  north  to  locust I 

Bull  Creek,  center  of  covered  bridge  over 

Bull  Creek,  bridge.  0.6 mile  southeast  of.  T  road  south,  40  feet  southeast  I 

to  locust,  60  feet  west  to  sycamore 

Westport,  Ky.,  station  577  M+3200  feet.  Ohio  River  survey.  United  I 

States  Army  engineers 


Latitude. 


Longitude. 


38  31  5a  2 
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85  36 

85  35 

85  34 

85  33 

86  33 
85  31 


2ao 
oa8 

3a8 

4ao 

02.4 
32.8 


85 

85 

30 
30 

56.1 
06.3 

85 

29 

32.8 

85 

28 

42.4 

Digitized  by  VjOOQIC 


22 
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NEW   ALBANY  AND  RIVERVIEW  QUADRANGLES  (PLOYD  AND  HARRISON  COU>rnES,  IND.; 
BULLITT   AND  JEFFERSON   COUNTIES,  KY.). 

The  following  geographic  positions  on  the  United  States  standard 
datum  were  obtained  by  primary  traverse  run  in  1905  by  C.  B.  Ken- 
dall, field  assistant.  The  line  starts  with  an  adjusted  position  at 
Jeffersonville  and  follows  the  Pennsylvania  Interurban  Railroad  to 
New  Albany,  thence  west  along  the  Southern  Railway  to  a  point  1.6 
miles  west  of  Georgetown,  where  the  line  turns  south  and  follows  pub- 
lic highways  along  the  west  border  of  the  Riverview  quadrangle  and 
is  tied  to  a  primary-traverse  position  at  West  Point. 

New  Albany  Quadrang^le  (Floyd  Count)',  Ind.). 

Geographic  positions  along  Pennsylvania  Interurban  Railroad. 


Station. 


Latitude. 


Longitutk- 


Jeflersonvllle,  crossing  Baltimore  and  Ohio  Southwestern  and  Penn-        ° 

svlvania  Interurban  R.  Rs.,  center  of  tracks 38 

Jeffersonville,  Beckett  street  crossing,  center  of  tracks 38 

New  Albany,  Baltimore  and  Ohio  Southwestern  R.  R.  station,  1.1 

miles  east  of,  road  crossing,  north  rail  of  south  track 

New  Albany,  near  Baltimore  and  Ohio  Southwestern  Rwy.  station, 

center  of  railroad  intersection  of  Main  and  VIncennes  streets 

New  Albany,  at  end  of  Penr svlvania  Interurban  R.  R.,  State  street 

crossing,  center  of  north  mam  track 


2a6 

3&8 


S5 
S5 


38    17    4L6 

I 
38    17    21.9  I 


38    16    57-0 


85     47    (&'■ 
85    «    If.l 


85    49    214 


Gecgrapkic  positions  along  Southern  Railway. 


station. 


New  Albany,  at  west  edge  of,  Budd  road  crossing,  center  of  track 

New  Albany,  Southern  Rwy.  station,  2  miles  west  of,  road  crossing, 

center  of  track 

Duncan  Hill  tunnel,  1.6  miles  southeast  of,  pike  crossing,  center  of 

track 

Duncan  Hill  tunnel,  0.4  mile  southeast  of,  pike  crossing,  center  of  track. 
Duncan  station,  0.25  mile  southwest  of,  Duncan  post-ofllce  and  store  of 

J.  B.  Nichols,  at  southeast  comer  of  store,  on  north  edge  of  Edwards- 

ville-Georgetown  pike  and  300  feet  south  of  center  of  main  track  of 

Southern  Rwy.,  iron  post  stamped  "  Prim.  Trav.  Sta.  No.  4, 1906".. 
Duncan  post-office,  100  feet  east  of,  public-land  survey  comer,  229  feet 

south  of  Southern  Rwy 

Georgetown  station,  1.6  miles  southeast  of,  pike  crossing,  center  of 

track 

Georgetown  station,  680  feet  east  of,  street  crossing,  center  of  track. . . 
Georgetown  station,  1.6  miles  west  of,  road  crossing,  center  of  track . . 


'      Latitude. 

1 

Longilod*-. 

o 

„ 

0            / 

38 

16 

2a9  < 

1 

85    50    \^A 

38 

16 

aa^I 

85    5!    n 

38 
38 

17 
17 

04.6 
11- 4 

1 

S5  52  3L: 
85    53    41-6 

38 

17 

12.9  1 

85    S    27.^ 

38 

17 

las ' 

85    55    27.1- 

38 

38 
38 

17 
17 
17 

34.3 
3a9 
12.3 

85  5fi  4\* 
85  58  i*!^ 
85    »    Si: 

Geographic  positions  along  highways. 


Station. 


Georgetown,  about  1.25  miles  west  of,  T  road  south 

Georgetown,  1.25  miles  west  of,  0.2  mile  south  of  Southern  Rwy.,  T  road 
south  on  T.  3  S.,  R.  5  E.,  north-south  county  and  section  line  between 
socs.  5  and  6,  in  southeast  comer  of  junction,  iron  post  stamped 
"Prim.  Trav.  Sta.  No.  5,  1905" 

T.  3  8.,  R.  5  E.,  comer  sees.  5,  6,  7,  and  8,  stone  at  bend  of  road  to  west. 

Three  comers,  public  T  road  to  south,  stone  on  north  edge  of  road  . . . 

Four  comers,  crossing  of  Georgetown-Lanesville  road  and  New  Al- 
bany-Cory don  old  stage  road,  20  feet  northwest  to  comer  shop,  60 
feet  southeast  to  walnut  tree 


Latitude. 


38  17  oai 


15    4a  4  ; 


LongltiH^. 


85    50    XLf 


38    17    0&9  85 

38    16    2L6  85 

38    16    21.7  86 


00  oar 


86    00   (!&• 
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Riverrtew  Qaadrang^le  (Harrison  County,  Ind.;  Bullitt  and  Jefferson  counties,  Ky.)« 

Geographic  positions  along  Louisville  arid  Nashville  Railroad  between  Louisville  and 

Highland  Park  (Kentucky) . 


Station. 


Latitude. 


Louisville,  Oak  street  crossing  Louisville  and  Nashville  R.  R 

Louisville,  crossing  of  Louisville  and  Nashville  H.  R.  and  Southern 

Rwy.,  Park  avenue,  west  track 

South  Louisville,  station 

Highland  Park,  station 

Highland  Park,  road  crossing  1  mile  south  of 


38 

14 

07.4 

38 

12 

52.6 

38 

11 

5&1 

38 

11 

15i2 

38 

10 

3a5 

Longitude. 


85  46  0G.2 

85  45  50.2 

85  45  35i6 

85  45  24.0 

85  45  12.9 


Geographic  positions  along  highways  from  Shepherdsville  to  Riverview^  in  Kentucky. 


Station. 


Latitude. 


Shepherdsville,  road  northwest  1.25  miles  west  of,  68  feet  southwest  to  ,       **      '       " 

cross  on  pine  tree,  42  feet  northeast  to  cross  on  post-oak  tree ,      37    59    54. 0 

BuUitts  Lick,  crossroads,  331  eet  north  to  cross  on  comer  fence  post,  42  i 

feet  east  to  cross  on  board  fence I      38    00    05.9 

Crossroads,  at  store  and  blacksmith  shop,  70  feet  southwest  to  front 

gate  to  church,  36  feet  north  to  post  with  horseshoe  nails  in  it I      38    00    02.8 

Forks  of  rood,  at  southeast  comer  of  J.  T.  Martin's  orchard,  25  feet  to  | 

cross  on  small  pine  tree,  36  feet  north  to  cross  on  telephone  pole 38    00    24  3 

Miller  (Qeoige)  house,  arrow  painted  on  gatepost  at  entrance  to  lane. .  38  01  33. 8 
Barrallton,  1.5mUes  southwest  of,  in  yard  to  R.  D.  Snellen's  residence;  I 

southeast  comer  of  house  bears  N.  75°  15'  W.,  distant  121.5  feet:  nail  i 

in  blaze  on  south  face  of  sycamore  tree  30  inches  in  diameter  bears  N. 

42*>  10'  E.,  distant  130.8  feet;  iron  post  stamped  **  Prim.  Trav.  Sta. 

No.33" 38    01    38L6 

Miller  (Harden)  farm,  arrow  on  gatepost  to  entrance 38   01    09.2 

Moore's  store,  T  road  south,  18  feet  south  to  northwest  comer  of  porch 

to  store,  32  feet  north  to  cross  on  gatepost 38    00    28L2 

Cupio,  center  of  small  bridge  0.25  mile  northeast  of,  at  road  southwest .  38  00  31. 2 
GiifRn  (John)  rosidenoe,  cross  on  telephone  pole  on  south  side  of  road.  38  01  00. 1 
Road  crossing,  under  trestle  to  new  railroad 38    00    50. 4 


Longitude. 

o 

,       „ 

85 

44  lao 

85 

45  lao 

85 

45    52.7 

85 
•  85 

46  65.9 
48    2&9 

85 

85 

49  12.1 

50  42.7 

85 
85 
85 
85 

51  3a  2 

52  29.1 

53  38.9 
64    17.6 

Geographic  positions  along  Louisville  and  Nashville  Railroad,  Riverview  to  West  Point 

(Kentucky). 


Station. 


Riverview,  road  crossing 

Riverview,  private  roadcrosslng  1  mile  south  of 

West  Point,  in  northwest  comer  of  public  school  grounds,  northwest 
comer  of  brick  foundation  to  schoolhousc  bears  8.  27®  lO'  E.,  distant 
26.9  feet;  southwest  comer  of  stone  foundation  to  Christian  Church 
bears  N.  13®  sy  E.,  distant  13.6  feet;  Iron  post  stamped  * '  Prim.  Trav. 
Sta.  No.  34" 

West  Point,  center  of  crossing  of  Bach  and  Carter  streets 


Latitude,      i 

Longitude. 

.   ,   „  1 

o        /          n 

38    01    28.4 
38    00    45.5 

85  64  57.6 
85    55    3&6 

37    69    52.7  1 

37    50    55.5 

85  56  68.8 
85    56    47.4 

Digitized  by  VjOOQIC 


24  PRIMARY    TRIANGULATION    AND    PRIMARY   TRAVERSE. 

-Geographic  posiHons  along  highway 8  {Indiana). 


station. 


Luinesviile,  1.3  miles  north  of,  forks  second-class  road  to  southeast,  40  ' 
feet  east  to  oak  tree  at  gate 

Laneaville,  0.8  mile  north  of,  iron  gas  pipe  driven  in  ground  at  bend  of 
road  to  south,  250  feet  southeast  of  ford  of  small  creek 

Lanes  villc,  crossing  of  New  Albany-Cory  don  pike  (main  street),  and 
Georgetown-Black  Creek  road,  25  feet  southwest  to^ortheast  cor- 
ner of  Jacob  Facflngor's  store,  30  feet  southeast  to  maple  tree  at 


Laneaville.  L2  miles  south  of,  at  top  of  hill,  forks,  public  roads  south- 
west and  southeast,  20  feet  west  to  walnut,  60  feet  south  to  old 


stump. 


Fellow  schoolhouse,  three  comers  at,  public  T  road  to  west,  20  feet 
northwest  to  comer  wire  fence,  50  feet  south  to  corner  schoolhouse. . 

Buck  Creek  ford,  300  feet  north  of,  forks,  roads  north  and  northeast, 
20  feet  north  to  maple,  50  feet  south  to  maple 

Black  Creek  post-ofHcc,  300  feet  east  of,  at  foot  of  hill,  forks  of  roads 
southeast  and  west 

Kerr  schoolhouse,  No.  3,  Posey  Township,  four  comers,  30  feet 
south  to  gate,  40  feet  northeast  to  telephone  pole 

Kerr  schoolhouse,  O.G  mile  south  of,  stone  at  three  comers,  second- 
class  T  road  to  west .' 

Elizabeth,  2.2  miles  north  of,  forks  at  top  of  hill,  second-class  road  to 
northeast,  25  feet  north  to  telephone  pole 

Elizabeth,  0.5  mile  northwest  of,  three  comers,  T  road  north,  aO  feet 
east  to  locust,  30  feet  north  to  locust 

Elizat>eth,  street  crossing  250  feet  east  of  public  school  building,  center 
of  intersection 

Elizabeth,  250  feet  west  of  Main  street  crossing,  at  southeast  comer  of 
public  school,  iron  post  stamped  "I*rim.  Trav.  Sta.  No.  6,  1906" 

EUzabetb.  1  mile  south  of,  large  oak  at  three-comer  public  T  road  to 


west. 


T.  5  S.,  R.  5  E.,  corner  sees.  8,  9,  16,  and  17,  also  east-west  township 
line  between  Posey  and  Taylor  townships  (civil),  comer  is  stone  m 
center  of  road  200  feet  south  of  three-comer  public  T  road  to  west.. . 

Convenience,  1  mile  north  of,  forks  of  public  roads  south  and  west,  (jO 
feet  south  to  maple,  20  feet  west  to  rail  fence 

Convenience,  Catholic  Church,  200  feet  west  of,  four  comers,  public 
crossroads,  40  feet  south  to  comer  garden,  100  feet  east  to  oak 

Convenience,  1.2  miles  south  of,  three  comers,  second-class  T  road  west, 
two  mall  l)oxes 

Convenience,  1.7  miles  south  of,  Rosehill  schoolhouse,  1,150  feet  north- 
east of,  stone  planted  in  center  of  road 

Rosehill  schoolhouse,  1  mile  southwest  of,  forks  of  public  roads  north- 
east and  north,  10  feet  south  to  mail  box.  35  feet  north  to  mail  l>ox. 

Evans  Landing  post-office,  0.6  mile  west  of,  forks,  public  roads  north- 
west and  west,  center  of  triangle  at  forks 

Evans  Landing  post-otTice,  small  stream,  center  of  Iron  bridge  over. .. 

Evans  Landing  post-office,  1.1  miles  northeast  of,  three  corners,  sec- 
ond-class road  to  south,  50  feet  west  of  bam 


Latitude. 


Longitad^. 


38  14  52.2 

38  14  35i9 

:«  14  14.2 

I 

38  13  03.8 

38  11  57.5 

38  11  04.5 

38  10  41.7 

38  10  13.6 

38  09  48.9 

i 

38  08  47.2 

38  07  36.7 

38  07  15^4  I 

38  07  15.  S 

38  06  22.1# 

38  04  56.6 

I 

38  04  14.8 

38  03  30.7 

38  02  35.7 

38  02  lai 

38  01  35.7 

38  00  27.8  , 

38  00  11.6  I 
I 

38  00  25.6 


85  »  44.9 

85  5i)  33.2 

85  50  QBi^ 

85  »  Gi: 

85  58  51 S 

85  56  35.1 

85  58  «L^ 

85  as  27.2 

85  58  ail 

85  58  3a  £ 

85.  58  %.» 

85  58  27.e 

85  58  3a  1 

85  58  314 

85  58  3L14 

85  58  2i5 

85  58  47.S 

85  58  51.5 

85  59  (e.« 

85  se  ?5: 

85  5»  33.t 

85  59  043 

85  56  OM 


KENTUCKY. 

PRIMARY  TRAVERSE. 

CALDWELL,  CRITTENDEN,  HOPKINS,  AND    WEBSTER   COUNTIES. 
CLAY  aUADRAHOLE. 

The  line  starts  from  primary  traverse  station  No.  10,  1904,  at 
Sullivan,  Ky.,  follows  the  Illinois  Central  Railroad  to  Repton,  thence 
southerly  along  highways  through  Tribune  and  Starr  to  Enon,  thence 
easterly  over  county  roads  through  Creswell  to  Dalton,  thence  north 
over  highways  to  Providence,  thence  to  Lisman  railroad  station,  con- 
necting with  road  crossing  at  that  place;  located  by  primary  traverse 
in  1904.     The  field  work  was  done  by  J.  R.  Ellis  in  1906. 

Magnetic  declination,  east  border,  3°  47'  east;  south  border, 
4°  13'  east;  west  border,  4°  27'  east. 
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Oeographic  positions  along  Illinois  Central  Railroad^  Sullivan  to  Repton. 


Station. 


Sullivan,  primary  traverse  station  No.  10, 1904 

Sullivan,  road  crossing  0.75  mile  southeast 

Road  crossing  under  trestle  at  milepost  60 

Blacltford  railroad  station,  road  crossing 

Blackford,  1.25  miles  south  of,  road  crossing  north  and  south 

Gladstone  post-o(!lce,  road  crossing 

Hood  siding,  road  crossing  at  south  end  of 

Road  crossing  IfiO  feet  north  of  milepost  62 

Repton,  railroad  station 

Repton  and  Tribune,  crossroads  half  way  between,  in  northwest  cor- 
ner of  R.  Newcomb's  farm,  nail  In  blaze  on  walnut  tree  bears  8.  81® 
4y  E.,  distant  112.9  feet;  nail  in  blaze  on  small  oak  bears  S.  89*»  W., 
distant  34  feet;  Iron  post  stamped  "Prim.  Trav.  Sta.  No.  15,  1906".. 


Latitude. 


37  29  58.8 

37  29  21.5 

37  28  03.9 

37  27  02.6 

37  26  15.9 

37  25  46.6 

37  25  23.2 

31.  24  22.0 

37  23  24.8 


37  22  35.1 


Longitude. 


87  66  37.1 

87  56  14.4 

87  55  47.8 

87  56  04.1 

87  56  50.1 

87  58  06.0 

88  00  03.2 
88  00  34.0 
88  00  56.0 


87  50  48.1 


Geographic  positions  alona  highways  from  Repton  through  Tribune  and  Starr  to  Enon, 
thence  easterly  over  county  roa^:  through  Creswell  to  Dalton. 


station. 


Crossroads  on  top  of  hill,  15  feet  west  to  blaze  on  black  oak,  33  feet  east  . 
to  blaze  on  sapling I 

Tribune,  crossroads,  16  feet  northwest  to  store,  northeast  comer,  24  I 
feet  northeast  to  comer  of  coal  house I 

Widow  Brantley's  residence,  crossroads,  16  feet  northwest  to  walnut 
tree,  38  feet  north  to  mulberry  tree 

Wilsons  Creek,  0.66  mile  south  of,  T  road  southeast,  15  feet  east  to  cor- 
ner fence  post,  22  feet  southeast  to  corner  orchard  fence 

Starr,  crossroads,  32  feet  oast  to  D ruche r's  mall  box,  21  feet  southeast 
to  west  comer  of  shed  to  blacksmith  shop 

Crittenden-Caldwell  county  line  stone,  center  of  road  opposite,  18  feet 
southwest  to  stone 

Enon,  Walnut  Grove  Church,  at  comer  of  old  Polk  farm  at  T.  lane 
northeast,  about  0.75  mile  northeast  of  Enon,  nail  in  small  black  oak 
bears  8.  79*»  25'  E.,  distant  13.3  feet;  T  road  northeast  bears  S.  28®  30^ 
E..  distant  35 feet;  Iron  post  stamped  "Prim.  Trav.  Sta.  No.  16, 1906". 

Oliver  (L.  L.)  residence,  at  road  northwest,  arrow  painted  on  tree 

HowRidge  schoolhouse,  forks  of  road,  19  feet  south  to  W.  R.  Briggs's 
mail  box,  27  feet  northwest  to  cross  on  elm  tree 

Forks  of  road,  arrow  cut  on  black-oak  tree 

Creswell,  forks  of  road,  18  feet  northwest  to  J.  T.  Brown's  mail  box,  20 
feet  southwest  to  arrow  on  rail  fence 

T  lane  northwest 

Junction  of  branches  at  point  whore  road  crosses 

Walnut  Hill  school  grounds,  southeast  comer  of  foundation  to  school- 
house  bears  N.  85*  W.,  distant  18.6  feet;  nail  in  blaze  on  east  face  of 
walnut  tree  bears  S.  28®  45'  W.,  distant  23.5  feet;  iron  post  stamped 
••Prim.  Trav.  Sta.  No.  17,  1906" 

J.  N.  Castleberg's  bam,  fbrks  of  road,  31  feet  northeast  to  stump,  24 
feet  east  to  southwest  comer  of  bam 

Qoinn,  T  road  south  at  blacksmith's  shop,  18  feet  southwest  to  north- 
east corner  of  shop,  58  feet  east  to  hickory  tree 

Quinn,  forks  of  road  about  1  mile  east  of,  22  feet  southeast  to  mulberry 
tree,  24  feet  north  to  west  end  of  bridge 

Caldwell-Hopkins  county  line,  center  oiTrade  water  river 

Crossroads,  stump 

Dalton,  in  front  of  public  school,  3  feet  from  school  building,  iron  post 
stamped  "Prim. Trav.  Sta.  No.  18, 1906" 


latitude. 

37  21  37.9 

37  20  56.8 

37  19  55.4 

37  18  53.2 

37  17  36.0 

37  16  21.8 


37  15  34.1 

37  15  66.5 

37  16  32.7 

37  16  19.4 

37  16  13.3 

37  16  25.2 

Sr  16  54.8 


37  17  n.4 

37  17  28.3 

37  17  43.6 

37  17  40.0 

37  18  00.4 

37  17  56.7 

37  17  49.7 


Longitude. 


87  60  38.8 

87  59  26.0 

87  59  37.0 

88  00  22.4 
88  00  10.2 
88  60  31.0 


87  58  43.9 

87  57  40.6 

87  57  19.5 

87  55  30.2 

87  54  40.6 

87  53  29.4 

87  52  44.1 


87  52  09.2 

87  51  19.7 

87  50  07.9 

87  48  66.8 

87  48  25.8 

87  46  39.5 

87  45  55.6 
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Geographic  positions  north  along  highways  to  Providence,  thence  to  Lismcn  railroad  sta- 
tion, connecting  with  road  crossing  at  that  place,  located  by  primary  traverse  of  1904- 


Station. 


Dalton,  T  road  0.5  mile  north  of,  21  feet  northwest  to  cross  on  post,  27 

feet  northeast  to  end  of  picket  fence 

Dalton,  T  road  1.5  miles  north  of,  19  feet  southeast  to  gum  tree,  35  feet 

southwest  to  cross  on  rail  fence 

Stony  Ridge  Church,  T  road  west  0.33  mile  north,  28  feet  northwest  to 

corner  fence  post,  21  feet  northeast  to  telephone  pole 

Providence.  T  rood  south  about  3.5  miles  south  of,  24  feet  southeast  to 

comer  fence,  45  feet  soufhwest  to  elm  tree 

Hopkins- Webster  county  line,  bridge 

Piovidence,  In  retaining  wall  of  T.  B.  Paine's  front  yard,  aluminum 

tablet  stamped  "Prim.  Trav.  Sta.  No.  19, 1906" 

Road  east  ana  west  under  bridge 

Crab  Orchard  Creek,  T  road  west  0.75  mile  south  of,  25  feet  northwest  to 

comer  of  rail  fence,  18  feet  southwest  to  corner  fence  post 

Road  southeast,  6  feet  west  to  stump,  27  feet  southwest  to  south  end  of 


Latitude. 


Longitode. 


bridge 
Lisroan  railroad  station,  road  crossing  120  feet  west  of. 
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JEFFERSON    COUNTY. 


LOUISVILLE  CITY  SURVEY. 


In  the  spring  of  1906  J.  R.  Ellis,  assistant  topographer,  was  de- 
tailed to  the  commissioners  of  sewerage  of  the  city  of  Louisville,  for 
the  purpose  of  extending  lines  of  primary  control  throughout  the  city. 
The  area  of  the  city  was  divided  into  12  rectangular  blocks  approxi- 
mately 1.5  by  2  miles,  around  the  borders  of  which  lines  of  primary 
traverse  were  run.  Particular  care  was  taken  to  have  the  work  done 
accurately,  the  deflection  angles  being  measured  four  times,  and  dis- 
tances being  measured  twice  with  a  steel  tape  under  a  constant  ten- 
sion, the  temperature  also  being  noted.  At  intervals  of  2,000  feet 
along  the  route  of  traverse  a  permanent  station  mark,  consisting  of  a 
bronze  tablet  3.5  inches  in  diameter,  was  countersunk  and  cemented 
into  the  top  of  a  stone  post  3  feet  in  length,  dressed  6  inches  square  on 
top,  set  in  the  ground  flush  with  surface. 

Positions  are  given  on  the  United  States  standard  datum  and  are 
based  on  North  Base  and  Blind  Asylum  triangulation  stations  of  the 
United  States  Coast  and  Geodetic  Survey. 
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Oeographic  positions  at  LouisviUe. 


Station. 


Latitude. 


Longitude. 


Louisville  north  base  triangulation  station,  on  the  land  of  Joseph  Lee. 
The  station  is  situated  in  the  field  Iving  immediately  south  of  the 

8 lace  of  Mr.  Murray,  who  knows  the  location  of  the  station;  so  does 
[r.  Beutel,  who  rents  Mr.  Lee's  place.    The  station  is  in  an  open, 
cultivated  field  with  no  trees  near  it.    Station  mark:  An  earthen- 
ware pyramid  base  6  by  6  inches,  height  5  inches,  placed  3  feet  7  Inches 
below  surface  as  underground  mark.    The  apex  of  the  pyramid 
marks  the  exact  center  of  the  station.    The  letters  U.  S.  C.  S.  arc  cut 
In  the  face  of  the  pyramid.    Above  this  was  placed  a  granite  post  4 
feet  10  inches  long,  rough  at  bottom  and  dref>t  to  10  inches  at  top, 
the  south  side  of  which  the  following  Is  cut: 
U.S. 
C.  &G.  8. 
North  Base 
1879 
The  top  of  the  post  is  in  the  form  of  a  pyramid,  in  the  apex  of  which 
a  copper  bolt  was  driven  in  a  hole  drilled  in  the  post,  and  the  inter- 
section of  the  rectangular  cross  lines  cut  in  the  top  of  the  bolt  marks 
center  of  station.    Reference  marks:  Three  other  stones,  2  feet  B 
inches  long,  rough  at  bottom  and  drest  to  4  by  4  inches  at  the  top, 
were  used  as  additional  surface  marks,  one  in  prolongation  of  base 
line  to  the  north  of  the  station,  one  on  the  base  line  to  the  south  of 
the  station,  and  the  other  at  right  angles  to  this  line  to  the  east  of  the 
station.    Each  of  these  posts  has  cross  lines  cut  in  the  top,  with  an 
arrow  pointing  to  the  station.    The  intersection  of  these  cross  lines  i 
In  each  case  is  6  feet  distant  from  the  center  of  the  station.    The 
center  post  projects  1  foot  6  inches  above  ground,  the  others  4  inches. 

B.  M.  1,  on  south  side  of  Bell's  lane  3  feet  north  of  east-west  fence,  nail  , 
in  blaze  of  tree,  azimuth  174^,  distance  173.8  feet;  gatepost,  azimuth  I 
S*' 03',  distance  62.1  feet i 

B.  M.  2,  In  top  of  bank  on  south  side  of  road  in  Bell's  lane.  1 ,100  feet  west 
of  Cane  Run  road,  Louis  Plochner's  house,  azimuth  242**  27',  distance  ' 
144.1  feet;  tree,  azimuth  212°  16',  distance  46.6  feet 

B.  M.  3,  on  east  side  of  Cane  Run  road,  820  feet  northeast  of  Bell's  lane, 
9  feet  west  of  fence,  41.7  feet  southwest  to  nail  in  telephone  pole.  .37.4 
feet  south  to  cross  on  north  end  of  stone  culvert,  nail  in  telephone 
pole,  azimuth  112<»  18',  distance  41.7  feet 

B.  M.  4,  at  intersection  of  Cane  Run  road  and  Beech  street,  pump, 
azimuth  113*»  32',  distance  19.5  feet;  Cramer's  saloon,  azimuth  177°  49'. 
distance  26.5  feet 

B.  M.  5,  at  northwest  comer  of  Beech  street  and  Woodward  avenue,  , 
gas  pipe  on  corner,  azimuth  280°  07',  distance  50.6  feet;  house,  azi- 
muth 117°  32',  distance  30  feet 

B.  M.  6,  at  southwest  comer  of  DanesviUe  and  Amber  streets  at  foot  of 
Twenty-eighth  street;  drug  store   azimuth  139°  OO',  distance  80.2  I 
feet;  comer  of  store,  azimuth  205°  26',  distance  43.3  feet 

B.  M.  7,  at  northeast  comer  of  Twenty-eighth  and  Kentucky  streets,  ' 
northwest  corner  grocery  store,  azimuth  1°  53',  distance  62.1  feet;  i 
comer  bakery,  azimuth  212°  12',  distance  20  feet 

B.  M.  8,  at  southeast  corner  of  Twenty-eighth  street  and  Broadway, 
comer  of  post-oflice  station  H,  azimuth  192°  13',  distance  85.6  feet;  ' 
northwest  comer  of  curb,  azimuth  144°  04',  distance  61.8  feet 

B.  M.  9,  at  southeast  corner  of  Twenty-eighth  and  Madison  streets,  | 
grocery  store,  azimuth  310°  29*,  distance  7  feet;  comer  residence  No. 
1600,  azimuth  91°  36'.  distance  60.9  feet 

B.  M.  10,  on  north  side  of  Market  street  at  head  ot  Twenty-eighth 
street;  grocery  store,  azimuth  355°  22',  distance  60.9  feet;  corner  of 
saloon,  azimuth  52°  04',  distance  79.1  feet ' 

B.  M.  11,  at  northeast  corner  of  Twenty-sixth  and  Rowan  streets.  \ 
corner  of  saloon,  azimuth  227°  00',  distance  9.1  feet;  south  end  of  ' 
fence,  azimuth  135°  22*,  distance  61.9  feet i 

B.  M.  12,  at  northeast  comer  of  Twenty-sixth  and  Slevin  streets, 
comer  of  Ohlman's  exchange,  azimuth  100°  28',  distance  47  feet;  I 
Hochstrass  azimuth  258°  28',  distance  9.8  feet 1 

B.  M.  13,  at  southeast  comer  of  Twenty-sixth  street  and  Portland 
avenue,  grocery  store,  azimuth  108°  09',  distance  46.6  feet;  Stmby's 
pump,  azimuth  352°  46',  distance  7.9  feet 

B.  M.  14,  on  Portland  avenue,  65  feet  west  of  west  curb  to  Thirtieth 
street,  and  8  feet  east  of  center  of  Kentucky  and  Indiana  Bridge  R.  R.i 

B.  M.  15,  at  northwest  comer  of  Thirty-third  and  Rudd  streets,  gro- 
cery store,  azimuth  136°  45',  distance  9.3  feet;  pump,  azimuth  260° 
08'.  distance  81.5  feet I 

B.  M.  16,  at  southeast  comer  of  Thirty-fifth  and  Water  streets,  comer 
of  saloon,  azimuth  317°  50',  distance  15.5  feet;  manhole  In  Water 
street,  azimuth  199°  03',  distance  10.7  feet 

B.  M.  1?,  at  southwest  comer  of  Thirty-fifth  and  High  streets,  south 
comer  of  wall  of  academy  grounds,  azimuth  130°  15',  distance  129 
feet;  cement  foundation,  azimuth  55°  48',  distance  13.7  feet 

B.  M.  18,  on  south  side  of  High  street,  446  feet  west  of  west  curb  to 
Thirty-eighth  street,  comer  of  brick  house,  azimuth  191°  33'.  dis- 
tance 91.9  feet;  comer  of  warehouse,  azimuth  132°  03',  distance  131 
feet 
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Geographic  positions  cU  Louisville — Continued. 


Station. 


B.  M.  19,  on  soutb  side  of  Bark  street  extended  and  on  north  side  of 
Mrs.  Anliie  Findlay's  farm,  300  feet  from  Ohio  River,  nail  in  syca- 
more tree,  azimuth  267°  40',  distance  50.5  feet;  nail  in  tree,  azimuth 
132°  27',  distance  73.4  feet 

B.  M.  20;  at  southwest  comer  of  Fountain  Ferry  road  and  boulevard  at 
northwest  comer  of  Fountain  Ferry  Park,  nail  in  pole  azimuth, 
295°  26';  nail  in  tree,  azimuth  258°  56' 

B.  M.  21.  at  junction  of  east-west  road  and  road  north  in  west  part  of 
Shawnee  Park,  water  plug  azimuth,  47°  35',  distance  46  feet;  lamp- 
post, azimuth  324°  28',  distance  4.5  feet 

B.  M.  22,  on  West  Broadwav,  nail  In  tree,  azimuth  120°  09',  distance 
72.8  feet;  um,  azimuth  303*  55',  distance  174  feet 

B.  M.  23,  on  Broadway  at  head  of  Forty-second  street,  telephone  pole, 
azimuth  314°  44',  distance  71  feet;  telephone  pole,  azimuth  48*  28', 
distance  76  feet 

B.  M.  24,  on  northeast  comer  of  Broadway  and  Thirty-seventh  street, 
comer  of  red  brick  house,  azimuth  220°  49',  distance  47.0  feet;  south- 
east comer  of  yellow  brick  house  azimuth  104°  31'.  distance  188.5  feet. 

B.  M.  25,  on  north  side  of  Broadway  at  Thirty-second  street  south, 
comer  of  church,  azimuth  317°  47',  distance  164.9  feet,  post,  azimuth 
19°  45',  distance  81.5  feet 


B.  M.  26,  on  south  side  of  Greenwood  avcnuo  and  just  east  of  Spring 
Bank  Electric  Rwy .  station,  nail  in  cherry  tree,  azimuth  87°  07%  dis- 
tance 18.3  feet;  nail  in  gum  tree,  azimuth  205°  46',  distance  64.5  feet. . 

B.  M.  27,  on  Dr.  B.  A.  Garr's  farm,  in  northeast  comer  of  bam  lot, 
comer  house,  azimuth  203°  28',  distance  77.4  feet 

B.  M.  28.  on  south  side  of  Gibson's  lane,  just  east  of  Little  Paddys  Run, 
nail  in  sycamore  tree,  azimuth  146*^  24'.  distance  75.6  feet;  nail  in 
cherry  tree,  azimuth  260°  13',  distance  81 .7  feet 

B.  M.  29.  on  south  bank  of  Little  Paddys  Run,  about  400  feet  southwest 
of  house  rented  by  Frank  Meyers..'. 

B.  M.  30,  in  Bell's  lane  about  300  feet  e^st  of  bank  of  Ohio  River,  4  feet  , 
north  of  fence,  nail  In  walnut  tree,  azimuth  272°  12*,  distance  203.1 
feet:  tree,  azimuth  75°  52',  distance  46.2  feet I 

B.  M.  31,  on  north  side  of  Bell's  lane,  just  east  of  entrance  to  Christ  Gil- 
christ's farm,  corner  of  his  house,  azimuth  168°  ly,  distance  101. 2  feet; 
nail  In  gum  tree,  azimuth  62°  27',  distance  82.1  feet 

B.  M.  32,  on  east  side  of  Cane  Run  road,  just  north  of  Woodlawn  ave- 
nue, nail  in  tree,  azimuth  81*  50',  distance  107.6  feet;  southeast  comer  I 
of  house,  azimut  h  121  *  38'.  dlstanct>  52.7  feet ^ I 

B.  M.  33,  on  east  side  of  Eighteenth  street  at  Ormsby  avenue  west;  wa- 
ter plug,  azimtith  27"  53',  distance  21.8  feet;  southeast  comer  of  sa- 
loon, azimuth  125*  52',  distance  ,'>7.5feet 

B.  M.  34, on  southeast  corner  of  Sixteenth  street  and  Ormsby  avenue, 
center  of  manhole,  azimuth  200"  02',  distance  5.2  feet ;  southeast  cor- 
ner of  house  No.  1,>45,  azimuth  147'  43',  distance  Og.,")  feet ' 

B.  M.  35,  on  southeast  comer  of  Twelfth  stret^t  and  Ormsby  avenue, 
northeast  corner  of  house,  azimuth  83"  52',  distance  56.3  feet;  south-  1 
west  comer  of  box  factory,  azimuth  190°  52',  distance  67.6  feet 

B.  M.  36,  on  southeast  comer  of  Seventh  street  and  Ormsby  avenue, 
water  plug,  azimuth  249°  59',  distance  22.9  feet;  northeast  comer  of  I 
Kentucky  Heating  Co.'s  norch,  azimuth  48°  51',  distance  62.5  feet. . .' 

B.  M.  37,  on  southwest  corner  of  Third  street  and  Ormsby  avenue,  cor-  j 
ner  fence  post,  azimuth  1G9°  54'.  distance  69.9  feet:  north  point  of  ' 
gate  post  at  No.  1400,  azimuth  46°  08',  distance  38.2  feel | 

B.  M.  38,  northeast  corner  Ormsby  avenue  and  Preston  street,  south- 
east corner  McGee'sdrug  store, azimuth  155°  23', distance  101.9  feet; 
northwest  comer  store  building  southeast  corner  Ormsby  avenue 
and  Preston  8tre<^t,  azimuth  2°  29'.  distance  54.6  feet ' 

B.  M.  39,  northwest  corner  Onnsbv  avenue  and  Shelbv  street,  south-  I 
west  corner  of  Kentucky  Refining  Co.'s  ofTioe,  azimuth  211°  16';  | 
north«\ist  corner  of  car  bam,  azimuth  12°  05',  distance  56.5  feet 

B.  M.  40,  west  side  of  Shelby  stnvt,  opposite  St.  Catherine  street  east, 
southwest  cornor  of  roaidr'nce  No.  1741 ,  azimuth  248°  28',  distance  77.9 
feet;  center  of  pump,  azimuth  324°  42',  distance  64  feet 

B.  M.  41.  northwest  corner  Rn-ckenridge  and  Shpn)y  streets,  southwest 
comer  of  drug  store,  azimuth  272°  lO',  distance  54.4  feet;  southeast 
comer  of  groct»r>'  store  and  saloon,  azimuth  137°  16',  distance  7.4  feet. 

B.  M.  42,  northwest  corner  of  Broadway  and  Shelby  avenue,  southeast 
comer  of  saloon,  azimuth  lti8°  4f)',  distance  15.8  feet:  southwest  cor- 
ner of  Neider  Bros.'  grocery  store,  azimuth  259°  W,  distance  42.5  feet. 

B.  M.  43,  northwest  corner  Shelby  and  Green  streets,  southeast  comer 
of  Scott's  hanlwun"  store,  azimuth  135°  47'.  distance  6.9  feet;  south- 
west corner  of  Hemiun's  saloon,  azimuth  273°  37',  distance  53.3  feet. 

B.  M.  44,  northwest  comer  Main  and  Shelbv  streets,  southwest  comer 
of  Methodist  Church  corner  stone,  azimuth  261°  32',  distance  60.3  feet; 
southeast  comer  of  roofing  store,  azimuth  140°  07',  distance  6.4  feet: . 

B.  M.  45.  north  corner  of  Story  avenue  and  Louisville  and  Nashville 
R.  R.  crossing,  north  corner  of  post-ofUce.  station  A,  azimuth  7°  20', 
distance  75  fe<'t:  south  corner  National  Leather  Co.'s  building,  azi- 
muth 189°  57',  distance  7.8  feet i 


Latitude. 

LoDgitiide. 

o 

o 

38 

16 

22.75 

85 

49    23.14 

38 

16 

53.13 

85 

40    23.0& 

38 

15 

29.25 

85 

49    46.fi 

38 

15 

01.34 

85 

49   50.22 

38 

15 

00.30 

85 

49    19.7D 

38 

14 

59.35 

85 

48    51.61 

38 

14 

58.30 

85 

48   3D.7t 

38 

14 

41.00 

85 

49    54.53 

38 

14 

21.50 

85 

40    57.» 

38 

13 
13 

56.72 
41.77 

86 
85 

49    47. 1£ 

38 

50    09.» 

38 

13 

23.91 

86 

90    34..« 

38 

13 

22.99 

85 

49   56.r. 

38 

14 

00.46 

85 

47  so.re 

38 

14 

03.65 

85 

47    l&fl 

38 

14 

03.27 

85 

46   50-S 

38 

14 

0L05 

85 

46  ais 

38 

13 

58,32 

85 

4y   StTS 

38 

13 

56.21 

85 

45    ».» 

38 

13 

50.49 

85 

44  ^:^ 

38 

13 

47.58 

85 

44    31.0 

38 

14 

06.07 

85 

44    ^C 

38 

14 

22,62 

85 

44    iV62 

38 

14 

4a  03 

85 

44    2163 

38 

15 

00.62 

85 

44    19.08 

38 

15 

15.58 

85 

*44    16.47 

38 

15 

18.77 

86 

43    4S.09 

Digitized  by  VjOOQIC 


KENTUCKY. 

Geographic  positions  at  Louisville — Continued. 


29 


Station. 


B.  M.  46,  north  side  of  Story  avenue  and  Frankfort  avenue  southeast, 
northwest  comer  of  grocery  store,  azimuth  300*  17'  distance  62.9 
feet;  comer  of  saloon,  azimuth  226*  48',  distance  12.9  feet 

B.  M.  47,  west  comer  of  Frankfort  avenue  and  Haldeman  street  north, 
northeast  comer  of  store,  azimuth  53"  18'.  distance  86.6  feet;  corner 
post  to  B.  I.  grounds,  azimuth  137°  08',  distance  10.7  feet 

B.  M.  48,  southwest  comer  of  Frankfort  avenue  and  Keats  street  south, 
water  plug,  azimuth  106*  20',  distance  5.9  feet;  northwest  comer  of 
house,  azimuth  272*  15',  distance  30.2  feet 

B.  M.  49,  southeast  comer  Frankfort  avenue  and  Park  avenue  south, 
comer  Crescent  Hill  Pharmacy,  azimuth  74*  24',  distance  65.8  feet; 
comer  Crescent  Drug  Co.,  azimuth  327"  07',  distance  8.6  feet 

B.  M.  50,  south  side  Frankfort  avenue,  north  of  wall  to  waterworks, 
water  tank  nearest  comer,  azimuth  57°  18',  distance  42.5  feet;  comer 
of  stone  wall  at  waterworks,  azimuth  348"  28',  distance  7  feet 

B.  M.  51,  northwest  comer  of  crossing  of  Brownsboro  road  and  Pipe 
Line  a\t»nue,  north  comer  of  westernmost  gate  post  to  entrance  to 
reservoir  grounds,  azimuth  332"  02',  distance  68.8  feet;  genter  of  wa- 
ter plug,  azimuth  299*  09',  distance  48.2  feet .• 

B.  M.  52.  west  side  of  Pipe  Line  avenue  or  cinder  road  3,750  feet  south 
of  Prospect  Electric  R.  U.  and  950  foet  north  of  T  road  east;  nail  in 
locust  tree,  azimuth  18"  37',  distance  21.8  feet;  nail  In  locust  tree,  azi- 
muth 126"  00',  distance  26.7  feet 

B.  M.  53,  west  side  of  Pipe  Line  avenue  or  cinder  road  just  north  of 
Prospect  Electric  R.  R.,  tree,  azimuth  217"  45',  distance  28.7  feet; 
tree,  azimuth  86"  22',  distance  22. 1  feet 

B.  M.  54,  south  side  of  River  road  about  600  feet  west  of  entrance  to 
golf  links,  nail  In  tree,  azimuth  78"  32',  distance  92.6  feet;  naU  In  hol- 
low tree,  azimuth  154"  12',  distance  40  feet 

B.  M.  55,  south  side  of  River  road  opposite  G.  Hooper's  residence,  iron 
pump,  azimuth  125"  20',  distance  55  feet;  north  comer  of  brick 
noose,  azimuth  356"  59',  distance  58.0  feet 

B.  M.  56,  east  side  of  River  road  678  feet  northeast  of  Louisville  and 
Nashville  R.  R.,  nail  in  telephone  pole,  azimuth  94"  55',  distance  69.4 
feet;  north  comer  of  house,  azimuth  15"  50'.  distance  64.1  feet 

B.  M.  57,  north  comer  Van  Buren  and  Marion  streets,  east  comer  of 
house,  azimuth  82"  54',  distance  60.3  feet;  center  of  pump,  azimuth 
23"  33',  distance  58.8  feet 

B.  M.  58,  north  comer  Fulton  and  Adams  pt refits,  comer  of  saloon  and 
grocery,  azimuth  337"  11',  distance  11.9  foet;  northwest  comer  of 
sawmill  office,  azimuth  205"  08',  distance  68.8  feet 

B.  M.  50,  northeast  comer  Fulton  and  Shelton  streets,  center  of  fire 

J)lug,  distance  61.1  feet;  center  of  westernmost  boiler,  distance  42.5 
eet 

Story  street  crossing  of  Louisville  and  Nashville  R.  R.  (Ellis,  1904) . . . . 
B.  M.  60,  southwest  comer  of  Seventh  and  Shipp  streets,  center  of 

})ump,  azimuth  121°  33',  distance  6.4  feet;  northwest  corner  of  sa- 
oon,  azimuth  336"  20',  distance  5.5  feet 

B.  M.  61,  west  side  of  Seventh  street  road  about  720  feet  south  of  South- 
em  Rwy.,  nail  in  small  tree,  azimuth  64"  42',  distance  48.9  feet;  nail 
in  telephone  pole,  azimuth  353"  24',  distance  M.\  feet 

B.  M.  62,  on  west  side  of  Seventh  street  road,  680  feet  south  of  Thomp- 
son's road,  northeast  comer  of  Jacob  Schafflin's  residence,  azimuth 
57"  17',  distance  97.1  feet;  nail  In  telephone  pole,  azimuth  259"  14', 
distance  67.6  feet 

B.  M.  63,  west  side  of  Seventh  street  road,  at  Arcade  avenue  southeast, 
northeast  comer  of  brick  dwelling,  azimuth  132"  01',  distance  65.9 
feet;  southwest  comer  of  O.  J.  Schmidt's  saloon  and  grocery,  az- 
muth  316"  33',  distance  63  feet 

B.  M.  64,  on  west  side  of  Sand  River  road  opposite  entrance  to  Bohe- 
mian farm,  nail  in  telephone  pole,  azimuth  171"  34',  distance  30.4  feet; 
nail  In  large  beech  tree,  azimuth  266°  33',  distance  79.1  feet 

B.  M.  65,  on  east  side  of  Eighteenth  street  or  Sand  River  road,  at 
schoolhouse  lane  west,  center  of  stone  post  at  comer  of  schoolhouse 
lane,  azimuth  108"  31',  distance  47.2  feet;  southwest  comer  of  school- 
house,  azimuth  254"  04',  distance  80.7  feet 

B.  M.  66.  on  south  side  of  schoolhouse  lane  just  west  of  entrance  to  W. 
T.  Hartledge's  farm,  nail  in  west  gate  post  of  Hart  ledge  road,  azi- 
muth 276"  46',  distance  54.4  feet;  nail  In  pear  tree,  azimuth  33"  25', 
distance  5.3  feet 

B.  M.  67,  on  west  side  of  road  0.33  mile  south  of  intersection  of  Cane 
Run  road  and  Bell's  lane,  nail  In  gate  post  south  side  of  schoolhouse 
lane,  azimuth  324"  36',  distance  22  feet 

B.  M.  68.  on  east  side  of  Taylor  boulevard  at  Arcade  avenue  northwest, 
south  comer  of  house,  azimuth  164°  16',  distance  119.6  feet 

B.  M.  60,  on  Taylor  boulevard  at  junction  with  Berry  boulevard,  south- 
east comer  of  saloon,  azimuth  123"  10',  di.stance  98  feet;  northeast 
corner  of  blacksmith  shop,  azimuth  64"  5-5',  distance  108.4  feet 

B.  M.  70.  on  east  side  of  Taylor  boulevard,  at  Woodland  Grove,  south- 
east comer  of  grocery  store,  azimuth  106"  41',  distance  79.2  feet;  nail 
in  elm  tree,  azimuth  265"  19',  distance  79.6  feet 
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B.  M.  71,  on  east  side  of  Taylor  boulevard,  nail  in  locust  tree,  azimuth 
130°  57',  distance  63.8  feet;  nail  in  small  sycamore  tree,  azimuth  57** 
04',  distance  43  feet 

B.  M.  72,  on  west  side  of  Taylor  boulevard  at  Joseph  App's  house, 
northeast  comer  of  house,  azimuth  61*  16',  distance  94.8  leet;  nail  in 
telephone  pole,  azimuth  351°  54',  distance  10.6  feet 

B.  M.  73,  on  south  side  of  Taylor  boulevard,  at  Third  street  boulevard 
northeast,  south  corner  of  Boone  cabin,  azimuth  203°  25';  south  cor- 
ner of  arch,  azimuth  316°  35',  distance  139.5  feet 

B,  M.  74,  on  west  side  of  parking  to  Third  street,  about  2,400  feet  north- 
east of  end  of  boulevard,  center  of  lamp-post,  azimuth  39°  06',  dis- 
tance 56.8  feet;  nail  in  box-elder  tree,  azimuth  118°  31'  distance, 55.2 

B.  M.  75,  on  west  side  of  parking  to  ThiiTd  street,  8i2feet  south  of  street- 
car line,  nail  in  blaze  on  tree,  azimuth  188°  11',  distance  69  feet;  center 
of  lamp-post,  azimuth  295°  03',  distance  54.7  feet 

B.  M.  76,  on  west  side  of  parking  at  mllepost  1},  northeast  comer  of 
porch  to  residence  oppoate  mllepost,  azimuth  112°  18',  distance  123.8 
feet;  center  of  lamp-post,  azimuth  192°  58',  distance  102.4  feet 

B.  M.  77,  on  west  side  of  Third  street  boulevard  at  mllepost  2,  blaze  on 
sycamore  tree,  azimuth  102°02',  distance  42. 7  feet;  center  of  lami>-po8t, 
azimuth  289°  54',  distance  54.7  feet 

B.  M.  78,  on  west  aide  of  boulevard,  southeast  comer  of  mottled  brick 
residence,  azimuth  147°  41',  distance  108.9  feet,  center  of  lamp-post, 
azimuth  240°  09',  distance  61  feet 

B.  M.  79,  on  west  side  of  Third  street,  229  feet  south  of  south  curb  of 
P  street,  nail  in  poplar  tree,  azimuth  198°  49',  distance  11.8  feet; 
Christain  Mis^ilon,  southwest  corner  of,  azimuth  268°  07',  distance 
103.4  feet 

B.  M.  80,  on  southwest  corner  of  Third  avenue  and  L  street  west, 
southeast  comer  of  Gass's  drug  store,  azimuth  164°  47',  distance 
114.1  feet;  center  of  water  plug,  azimuth  286°  59'.  distance  58  feet 

B.  M.  81,  on  northeud  of  Triangle  Park,  southwest  comer  of  Confeder- 
ate monument,  azimuth  195°  oO',  di-'tjuice  127.8  feet;  Louisville  reform 
school,  center  of  tablet,  azimuth  243°  19',  distance  R9  feet 

B.  M.  82,  on  northwest  comer  of  Tliird  and  llill  streets,  northeast  cor- 
ner of  residence  No.  1700,  azimuth  59°  49',  distance  80.5  feet;  north- 
west comer  of  residence  No.  1801,  azimuth  303°  33',  distance  113.2  feet, 

B.  M.  83,  on  southwest  comer  of  Main  and  Jackson  streets,  northeast 
corner  of  retaining  wall  to  yard,  azimuth  43°  40',  distance  13.7  feet; 
northwest  comer  of  American  machine  shops,  azimuth  290°  14',  dis- 
tance 52.4  feet 

B.  M.  84,  on  southeast  comer  of  Main  and  First  streets,  northeast  cor- 
ner of  Bill  Dryer  Co.'s  building,  azimuth  93°  34',  distance  53.3  feet; 
northwest  corner  of  James  Thompson  &  Bros.'  liquor  store,  azimuth 
299°  30',  distance  10.2  feet 

B.  M.  85,  on  northwest  comer  of  Main  and  Seventh  streets,  northwest 
comer  of  post-office  station  23,  azimuth  340°  03',  distance  105  feet; 
southwest  corner  of  dmg  store,  azimuth  28^°,  distance  49.2  feet 

B.  M.  86,  on  northeast  corner  of  Main  and  Eleventh  streets,  southeast 
corner  of  Doyle's  saloon,  azimuth  99°  04',  distance  50.1  feet;  north- 
east corner  of  J.  V.  Reed  &  Co.'s  store,  azimuth  37°  30',  distance 
101 .6  feet , 

B.  M.  87,  on  northeast  corner  of  Main  and  Fifteenth  streets,  southeast 
corner  of  R.  F.  Avery  &  Sons'  store,  azimuth  109°  11',  distance  52.8 
feet;  northwest  corner  of  J.  B.  Gibson's  store,  azimuth  1°  56',  dis- 
tance 80.2  feet 

B.  M.  88,  on  northeast  corner  of  Main  and  Nineteenth  streets,  pump  at 
southwest  comer,  azimuth  37°  56',  distance  87.3  feet;  saloon  at  north- 
west corner,  azimuth  100°  53',  distance  50.5  feet 

B.  M.  89,  on  northeast  comer  of  Main  and  Twenty-fourth  streets,  dr>'- 
goods  store,  southeast  comer,  azimuth  108°  56',  distance  63.6  feet: 
northwest  corner  of  American  Tobacco  Co.'s  warehouse,  azimuth  2° 
45',  distance  80.2  feet 

B.  M.  90,  on  southeast  corner  of  Preston  and  Burnett  streets,  crossing 
gate  Louisville  and  Nashville  R.  R.,  azimuth  91°  31',  distance  42.2 
feet:  switch  block  to  railroad,  azimuth  218°  22',  distance  35.3  feet , 

B.  M.  91,  on  south  corner  of  Preston  and  Vandise  streets.  United 
Brethren  Church,  north  comer,  azimuth  50°  01',  distance  142.6  feet; 
R.  Nussbaum's  Sixloon,  southeast  comer,  azimuth  135°  29',  distance 
52.9  feet 

B.  M.  92.  on  southwest  corner  of  Jackson  and  F  streets,  southwest  cor- 
ner of  Williams's  store,  azimuth  220°  04',  distance  105.4  feet:  north- 
oast  corner  of  residence  No.  536  F  street,  azimuth  86°  31',  distance  50 
feet 

B.  M.  93,  on  east  side  of  Ash  Bottom  road,  515  feet  north  of  Southern 
Rwy.;  nail  In  fence  post,  elevation  483  feet,  azimuth  1 13°  17',  distance 
38. 7  feet;  nail  in  blaze  on  west  face  of  locust  tree,  azimuth  184°  28', 
distance  121.9  feet 
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B.  M.  94,  on  east  side  of  Asli  Bottom  road  Just  south  of  entrance  to 
Ilenrj'  llarphage's  farm,  nailin  l>Iaze  on  locust  tree,  azimuth  79"  ly, 
distance  46  feet;  cross  on  top  of  corner  stone,  azimuth  215°  20^,  dis-  I 
tance  29.  ♦>  feet 

B.  M.  95,  on  east  side  of  Ash  Bottom  road,  Just  south  of  bridge,  nail  in 
blaze  on  small  tree,  azimuth  81°  05',  distance  2n.9  feet;  southeast  cor- 
ner of  foundation  to  bridge,  azimuth  205°  46',  distance  22  feet 

B.  M.  95,  on  west  side  of  Ash  Bottom  road,  small  frame  house,  azimuth  | 
191°  50',  distance  180.2  feet;  nail  in  blaze  on  wild  cherry  tree,  azimuth  | 
317°  54',  distance  53.7  feet | 

B.  M.  97,  on  east  side  of  Ash  Bottom  road  at  Wanona  avenue,  south-  j 
east  comer  of  frame  house,  azimuth  104°  34',  distance  51.8  feet;  nail 
In  blaze  on  water  oak  tree,  azimuth  217°  10',  distance  48.3  feet I 

B.  M.  98,  on  sidewalk  at  southeast  comer  of  Pocahontas  avenue  and 
Louisville  and  Nashville  R.  R.  right  of  way,  southeast  corner  of  re- 
taining wall  of  culvert  abutment,  azimuth  76°  51',  distance  38  feet; 
southwest  comer  of  C.  T.  Johns's  saloon,  azimuth  170°  53',  distance 
71  feet 

B.  M.  99,  on  north  side  of  Woodlawn  street  at  top  of  hill,  elm  tree,  nail 
in  blaze,  azimuth  143°  32*,  distance  18  feet;  nail  in  small  cottonwood 
tree,  azimuth  67°  02',  distance  73.7  feet 

B.  M.  100,  on  north  side  of  Phillips  lane,  about  200  feet  southeast  of  old 
Phillips  house,  nail  in  hacklnjrry  tree,  azimuth  250°  X2',  distance  50.5 
feet;  n  lil  in  apple  tree,  azimuth  131°  06',  distance  10.3  feet 

B.  M.  101,  on  east  side  of  Preston  street  road  at  Phillips  lane  west,  nail 
in  elm  trpe,  azimuth  18°  26',  distance  67.4  feet;  nail  In  locust  tree,  azi- 
muth .321°  04',  distance  49.9  feet 

B.  M.  102,  on  west  side  of  Preston  Street  road,  at  Hess  lane  northeast, 
80Uthe.4st  comer  of  schoolhouse,  azimuth  30°  54',  distance  63.4  feet; 
southeast  comer  of  culvert  at  Junction  of  Hess  lane,  azimuth  258°  48', 
distance  35.3  feet 

B.  M.  103,  on  east  side  of  Hess  lane  at  Prlndeil  avenue  northwest,  nail 
in  telephone  pole  at  comer,  azimuth  186°  47',  distance  45.3  feet ;  nail  In 
blaze  of  wild  cherry  tree,  azimuth  144°  47',  distance  140.6  feet. 

B.  M.  104,  on  southwest  comer  of  Hess  lane  and  Poplar  level  pike,  nail 
in  corner  of  fence  post,  azimuth  312°  52',  distance  51.2  feet;  nail  In 
blaze  on  locust  tree,  azimuth  280°  27',  distance  103.5  feet 

B.  M.  105,  Poplar  level  pike  and  Gray's  lane,  nail  In  blaze  on  small  elm 
tree,  azimuth  176°  34  ,  distance  43.7  feet;  npll  In  blaze  on  large  syca- 
more tree,  azimuth  272°  25',  distance  54.7  feet 

B.M.  106,  on  south  side  of  Newburg  pike  at  lane  south  at  bridge,  north- 
east comer  of  stone  culvert,  azimuth  152°  40',  distance  2.9  feet;  nail  In 
blaze  on  sycamore  tree,  azimuth  336°  15',  distance  17.5  feet 

B.  M.  107,  south  side  of  Newl^erp  pike  at  Ropewalk  lane  north,  nail  In 
blaze  on  maple  tree,  azimuth  212^  30',  distance  75.9  feet;  nail  In  blaze 
on  locust  tree,  azimuth  144°  17',  dl.^tance  37.4  feet 

B.  M.  108,  on  north  side  of  Taylorsville  road  at  Ropewalk  lane  south, 
nail  In  blaze  on  large  sycamore  tree,  azimuth  129°  41',  distance  71.4 
feet;  noli  in  blaze  on  maple  tree,  azimuth  56°  04',  distance  78.4  feet 

B.  M.  109,  on  southe?ist  corner  of  Baxter  and  Edmunds  avenues,  center 
of  hydrant,  azimuth  96°  50',  distance  57.1  feet;  center  of  manhole, 
azimuth  295°  40',  distance  10  feet 

B.  M.  110,  on  southeast  comer  of  Baxter  and  Lucia  avenues,  comer  of 
grocery  store,  azimuth  42°  55',  distance  20.8  feet;  center  of  hydrant, 
azimuth  293°  40',  distance  8.9  feet 

B.  M.  Ill,  on  northwest  corner  of  Baxter  and  CTiristy  avenues,  east  cor- 

.  ner  of  saloon,  azimuth  141°  20',  distance  15.1  feet;  J.  E.  Kirchdorfer's 
hardware  store,  azimuth  331°  27',  distance  .15.2  feet 

B.  M.  112,  on  southwest  comer  of  Baxter  avenue  and  Underbill  street, 
comer  of  saloon,  azimuth  141*  19',  distance  9.2  feet;  comer  of  brick 
building,  azimuth  329*' 20' 

B.  M.  113,  north  end  of  parking  of  Cherokee  parkway  at  Willow  avenue 
west,  northeast  comer  of  porch  of  Belvolr  apartments,  azimuth  113 
55',  distance  77.7  feet:  hydrant,  azimuth  240*  33',  distance  88.9 feet 

B.  M.  114,  on  Cherokee  Park  and  Longest  avenue,  northwest  comer  of 
drive  along  west  side  of,  comer  of  Cherokee  Paik,  nail  In  elm  tree, 
azimuth  54*  37',  distance  64.9  feet;  comer  of  stone  wall,  azimuth  132" 
1 1 ',  distance  19.9  feet 

B.  M.  115,  on  Workhouse  road  and  Long  Cliff  avenue  north,  on  south- 
east comer,  center  of  fire  plug,  azimuth  214*  19',  distance  47.2  feet; 
southeast  comer  of  warehouse,  azimuth  147°  33',  distance  62.6  feet. . . 

B.  M.  116,  on  Long  Cliff  and  Peterson  avenues,  on  northwest  comer, 
nail  in  elm  tree,  azimuth  144'  28',  distance  52.2  feet;  nail  in  blaze  on 
small  sycamore  tree,  azimuth  274*  21',  distance  56.5  feet 

B.  M.  117,  on  Shelbyv  Ule  road  at  Cannon's  lane,  south,  on  south  side, 
nail  in  blaze  on  locust  tree,  azimuth  141°  55',  distance  162.6  feet;  cen- 
ter of  pump,  azimuth  293°  03',  distance  69.6  feet 

B.  M.  118,  at  east  comer  of  Workhouse  and  ShelbyvlUe  roads,  at  St. 
Matthews,  southwest  comer  of  brick  foundation  to  house,  azimuth 
147°  24',  distance  49.2  feet;  center  of  millstone  No.  5,  azimuth  34°  58', 
distance  32.6  feet 
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82  PRIMARY    TRIANGULATION    AND   PRIMARY   TRAVERSE. 

Oeographic  positions  at  Louisville — Continued. 

Station.  |      Latitude.  Longitude. 


B.  M.  119,  on  Workhouse  road  and  Cannon's  lane,  at  southwest  corner, 
nail  in  blaze  on  large  tree,  azimuth  68"  16',  distance  104.4  feet; 
southwest  comer  of  stone  culvert,  azimuth  337'  30',  distance  11  feet. 

B.  M.  120,  on  Worlchouse  road,  south  side  of,  1,935  feet  west  of  Cannon's 
lane,  nail  in  blaze  on  large  tree,  azimuth  81'  42',  distance 67.8 feet;  nail 
in  telephone  pole,  azimuth  I'Je"  46',  distance  86.4  feet 

B.  M.  121,  south  side  of  Worlchouse  road,  400  feet  west  of  Stiltz  lane,  tel- 
ephone post,  azimuth  54°  43',  distance  25.9  feet;  nail  in  tree,  azimuth 
285"  12',  distance  39  feet 

B.  M  122,  on  J.  M.  Atherton's  farm,  at  gate  about  700  feet  south  of  his 
house,  center  of  stone  lot  monument,  azimuth  162°  38',  distance  130.9 
feet;  nail  in  small  hackberry  tree,  azimuth  111*  25'.  distance  12.5  feet. 

B.  M.  123,  on  north  end  of  roaa  near  Alexander's  residence  and  about  on 
Alexander  and  Cown's  property  line,  nail  In  blaze  on  locust,  azimuth 
136°  41',  distance  67  feet;  west  comer  of  Alexander's  porch,  azimuth 
265°  01',  distance  146.9  feet 

B.  M.  124,  on  Woodboume  avenue,  2,770  feet  northeast  of  Baxter  ave- 
nue, nail  in  blaze  on  hackberry  tree,  azimuth  110°  46';  nail  in  blaze  on 
hackberry,  azimuth  239°  06' 

B.  M.  125,  on  Taylorsville  road  at  Woodboume  avenue  northeast,  south 
side,  nail  in  blaze  on  cottonwood,  azimuth  153°  18',  distance  72.4  feet; 
nail  in  blaze  on  cottonwood  tree,  azimuth  242*  10',  distance  03.7  feet. 

B.  M.  126,  on  Taylorsville  road,  north  side,  at  east  end  of  siding  to  elec- 
tric railroad,  telephone  pole  on  Taylorsville  road,  azimuth  79°  46'; 
tree,  azimuth  132*^  36',  distance  44  feet 

B.  M.  127,  on  farm  of  Doctor  Dermatt,  north  end  of  private  lane,  0.5 
mile  southeast  of  Duck's  Point,  nail  in  blaze  on  maple  tree,  azimuth 
40°  36',  distance  101. 1  feet;  nail  in  blaze  on  beech  tree,  azimuth  3*  15', 
distance  73.7  feet 

B.  M.  128,  on  Adams  place,  south  side  of  road,  northwest  at  entrance  to, 
north  comer  of  stone  gatepost,  azimuth  41°  29',  di8tance8.9  feet;  nail 
in  blaze  on  small  cherry  tree,  azimuth  162°  48',  distance  38.2  feet 

B.  M.  129,  on  Newburg  pike  at  lane  north  to  Adams  place,  north  side  of, 
west  comer  of  barn,  azimuth  254°  10',  distance  121.1  feet;  west  comer 
of  stone  gatepost,  azimuth  316°  24'.  distance  64.9  feet 

B.  M.  130,  on  Newburg  pike,  south  side  at  Mrs.  Wilder's  private 
road,  northeast,  nail  in  blaze  on  locust  tree,  azimuth  259°  48',  distance 
59.6  feet;  nail  in  blaze  on  elm  tree,  azimuth  331°  04',  distance  32.2  feet. 

B.  M.  131,  on  southwest  comer  of  Gass  avenue  and  Hoertz8treet,south- 
east  comer  of  retaining  wall,  azimuth  263°  31',  distance  77.4  feet; 
store  No.  1203,  azimuth  349°  31',  distance  9.2  feet 

B.  M.  132,  north  side  of  Poplar  level  road,  700  feet  southeast  of  Texas 
street,  nail  in  locust  tree,  azimuth  334°  28',  distance  100.6  feet;  small 
locust  tree,  azimuth  50°  53'.  distance  41.2  feet t 

B.  M.  133,  west  side  of  Poplar  level  pike  just  north  of  Clark's  lane,  west 
corner  of  stone  culvert,  azimuth  306"  42',  distance  59.8  feet;  nail  in 
blaze  on  white-oak  tree,  azimuth  66''  08',  distance  37  feet 

B.  M.  134,  south  side  of  Poplar  level  pike,  tree,  azimuth  335°  18',di»- 
tance  31.6  feet;  tree,  azimuth  112°  52',  distance  13.5  feet 

South  meridian  stone,  regulation  stone  post  with  tablet  in  top,  in 
south  part  of  Shawnee  Park,  209  feet  north  of  driveway  marked 
' '  South  Stone  " 

North  meridian  stone,  1,227.3  feet  north  of  south  stone,  same  size  and 
marked  * '  North  Stone  " 
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RUSSELL   AND    WAYNE    COUNTIES. 
KOHTIOELLO  aUASRAHOLE. 

The  following  geographic  positions  were  determined  by  primary 
traverse  run  in  the  spring  of  1906  by  J.  R.  Ellis,  topographic  aid.  The 
line  starts  at  Jacks  Knob  triangulation  station  and  follows  highways 
around  the  borders  of  the  quadrangle,  closing  on  Jacks  Knob: 

Geographic  positions  along  highways. 


station. 


Latitude. 


Longitude. 


Jaclc8  Knob  triangulation  station,  L5  miles  southwest  of  Cartwright 

r>8t-office,  best  ascended  from  the  divide  on  Monticello  road,  about 
mile  west  of  post-ofOce.  on  land  of  Nathan  Ballenger,  who  lives 

northwest  of  Knob  on  main  road.    Station  mark :  A  stone  post  with 

brass  plug  inserted,  stamped  *"U.  S.  0.  S" 

Cartwright  post-office,  forlcs  of  road  400  feet  west  of 

Cartwright  post-ofllce,  1  mile  cast  of  arrow  on  gate  to  field  on  south 

side  ofroad 

Schoolhouse  No.  1,  T  road  north,  just  east  of 

Alpha  post-office,  T  road  north,  in  southwest  corner  of  H.  T.  Denny's 

neld,  northeast  comer  of  drug  store  and  post-office,  bears  S.  56°  20'  W. 

distant  58  feet;  nail  in  small  walnut  tree  bears  N.  19°  00'  W.,  distant 

8.7  feet;  in  limestone  30  by  8  by  10  Inches,  aluminum  tablet  stamped 

.     "Prim.  Trav.  Sta.  No.  2, 1906'^' 

Alpha  post-office.  600  feet  east  of  Denny's  store  and  post-office,  stone 

between  Clinton  and  Wayne  counties,  on  south  side  of  road 

Wait  post-office,  T  road  north,  just  east  of,  30  feet  northwest  to  comer 

yard  fence 

Zula  post-office,  300  feet  north  of,  58  feet  west  to  telephone  pole,  cross 

cut  in  blaze  on  northeast  face  of  cedar  tree  south  side  of  road 

Old  Qiory  schoolhouse,  0.25  mile  north  of,  T  road  southeast,  27  feet 

west  to  cross  on  fence  post,  21  feet  southeast  to  comer  rail  fence 

Turkey  Ridge  schoolhouse,  No.  28,  large  cross  cut  on  gum  tree  about 

200  feet  north  of 

Shearer  Valley  post-office,  0.2  mile  north  of,  just  south  of  church  at 

T  road  west,  north  azimuth  mark,  6  feet  northwest  of  mark  cross 

cut  on  tree;  10.4  feet  northwest,  nail  in  blaze  on  tree 


Forks  of  road  on  top  of  ridge,  7  feet  due  east  to  cross  on  small  cedar. 
Cooper,  crossroads  at  Hurt^s  farm,  1  mile  west  of,  20  feet  i 


t  south  to  cor- 


Cooper, 

ner  rail  fence 

Cooper,  In  northeast  comer  of  foundation  of  public  school,  aluminum 

tablet  stamped  "Prim.  Trav.  Sta.  No.  3,  1906" 

Sumpter  post-office,  0.5  mile  north  of,  cross  on  gatepost  to  farm  owned 

by  George  Coffee,  in  Sumpter's  lane 

Harriman  oil  lease,  arrow  painted  on  northeast  corner  of  tool  house 

at  crossroads  on  top  of  Coffee  Hill % 

Coffee  iliil,  forks  of  road  on  east  side  of,  22  feet  northwest  to  stump, 

11  feet  east  to  cross  on  small  tree 

Oil  Valley  post-office,  large  white-oak  tree  near  center  of  road  and 

about  40  feet  west  of  blacksmith  shop 

Barrier  post-office,  forks  of  road  0.2  mile  northeast  of,  in  limestone 

bowlder  near  northwest  corner  of  triangle  formed  by  forks  of  road, 

aluminum  tablet  stamped  "  Prim.  Trav.'Sta.  No.  4, 1906 " 

liedekle  (P.)  residence,  T  road  south,  22  feet  west  to  small  stump,  36 

feet  southeast  to  guidepost 

Coopervllle  post-office,  arrow  painted  on  southeast  corner  of  store 

Ash  tree,  top  of  hill,  arrow  painted  on  tree  (blazed  on  four  sides) 

Pilot  Rock,  T  road  north,  1  mile  west  and  0.5  mile  south  of,  27  feet 

south  to  cross  on  rail  fence,  52  feet  west  to  arrow  on  rail  fence 

Dick  &  Lovell's  store,  forks  of  road,  cross  cut  on  northwest  side  of 

oak  tree 

Gregory  post-office,  forks  of  road  500  feet  east  of,  21  feet  southeast  to 

cross  on  rail  fence,  25  feet  west  to  arrow  painted  on  stone 

Boston  store,  T  road  northwest.  24  feet  south  to  north  comer  of  store, 

55  feet  west  to  southeast  corner  of  board  fence 

Sawmill  site,  arrow  painted  on  telephone  pole  southeast  of 

Smith's  store,  700  feet  east  of,  road  east,  9  feet  southwest  to  large 

stump 

Spann  post-office,  0.5  mile  west  of,  north  side  of  crossroads  on  top  of 

ridge,  nail  In  blaze  on  black  gum  tree  bears  N.  79''  45'  ?:.,  distant  5.7 

feet;  nail  in  blaze  on  hickory  tree  bears  S.  11°  3'  W.,  distant  78.7  feet; 

in  sandstone  30  by  7  by  15  inches,  aluminum  tablet  stamped  "  Prim. 

Trav.  Sta.  No.  5. 1906" 

Sawmill  and  spring.  T  road  west,  29  feet  southwest  to  cross  and  arrow 

on  small  sycamore,  42  feet  southeast  to  southwest  comer  sawmill. . . 
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Geographic  positions  along  highways — Continued. 


Station. 


Latitude.      |     Longitude. 


Steul)enviUe  post-office,  700  feet  north  of,  T  road  east  at  Monticello 
and  Burnside  pike,  16  feet  northwest  to  telephone  pole,  27  feet  north- 
east to  post  at  corner  fence 

Steul)enville  post-office,  1  mile  northeast  of,  southwest  corner  of  porch 
to  tollgate  house 

Shepherd's  store,  road  southeast  about  600  feet  northeast  of,  25  feet 
north  to  cross  on  telephone  pole,  45  feet  northwest  to  large  black- 
oak  tree 

Metcalf  (G.  C.)  residence,  T  road  west,  18  feet  northeast  to  large  wal- 
nut tree,  21  feet  southeast  to  comer  yard  fence 

Millsprings,  T  road  west,  12  feet  due  east  to  northwest  comer  of  Lan- 
ier's store 

Beech  wood  schoolhouse,  private  road  south,  7  feet  west  to  cross  on 
small  black-oak  tree 

Millsprings  and  national-cemetery  road,  about  100  feet  south  of  cross- 
roads at  corner  of  Shepherd,  Rousseau  &.  Marcum's  farm,  nail  in 
walnut  tree  at  crossroads  bears  N.  1"  45'  E.,  distant  111.2  feet;  nail 
m  walnut  treel)ears  N.  37°  SC  W.,  distant  104.6  feet;  cemented  In 
top  of  blue  limestone  26  by  9  by  9  Inches,  aluminum  tablet  stamped 
"Prim.  Trav.  Sta.  No.  6, 1906" 

Whiteoak  Creek,  gate  about  150  feet  west  of,  0.4  mile  south  of,  grist 
miU 

Trimble  and  Merrick's  store,  T  road  northwest  about  400  feet  south- 
west of,  15  feet  east  to  arrow  on  stump,  30  feet  northwest  to  cross  on 
small  walnut 

Richardson's  residence,  cross  on  small  cedar  tree  at  road 

Forbush  Creek,  arrow  painted  on  large  dead  elm  about  200  feet  west  of 
ford  on 

Dell  post-office  (formerly  Ferris) ,  300  feet  south  of,  in  large  bowlder  in 
southwest  comer  of  field  of  M.  U.  Hatfield,  aluminum  tablet  stamped 
"Prim.  Trav.  Sta.  No.  7,  1906" 

Dell  and  Jabez,  T  road  east  halfway  between,  18  feet  southwest  to 
cross  on  white-oak  sapling,  15  feet  northeast  to  cross  on  white-oak 
sapling 

Jabez  post-office,  crossroads 

Military  Springs,  Baptist  Church,  T  road  south  0.25  mile  southwest  of, 
21  feet  west  to  cross  on  white-oak  tree,  19  feet  northwest  to  cross  on 
board  fence 

Jamestown  road  and  Wolf  Creek  crossing,  forks  of  road  just  east,  33 
feet  north  to  cross  on  cottonwood  tree,  53  feet  west  to  cross  on  tele- 
phone pole 

Ono,  crossroads,  cross  and  arrow  painted  on  comer  of  yard  fence 

McFarland  Creek,  350  feet  above  junction  with  Caney  Fork,  in  east  face 
of  ledge  of  stone  on  west  side  of,  aluminum  tablet  stamped  "Prim. 
Trav.  Sta.  No.  8,  1906" 

Hickory  tree  at  point  where  road  leaves  creek  bottom,  arrow  painted 
on 

Caney  Fork  and  Wolf  Creek,  junction  of  T  road  west  just  north  of,  24 
feet  north  to  post  with  auger  hole,  24  feet  southwest  to  cross  on  cor- 
ner fence  post ., 

McFall's  store,  at  mouth  of  Wolf  Creek,  north  side  of  Cumberland 
River,  cross  and  "U.  S.  G.  S."  cut  on  northwest  comer  of  large 
stone .T 

Stokes  post-office,  south  gatepost  to  gate  across  road  about  450  feet 
east  of 

Clyde  post-office,  just  west  of,  center  of  road  where  Russell-Wayne 
county  line  crosses 

Stringer's  store,  road  east 

Stephen  Sullivan's  residence,  road  west,  cross  painted  on  chestnut 
tree 

Poor  (Eph.)  farm,  road  northeast  to 

Road  southwest,  12  feet  east  to  stump 

Old  store  building,  center  of  road  opposite 1 

Parnell  post-office,  0.5  mile  west  of,  northwest  comer  of  foundation  to 
schoolhouse,  aluminum  tablet  stamped  "Prim.  Trav.  Sta.  No.  9, 
1906"  i 

Beaver  Creek,  forks  of  road,  500  feet  north  of  Cooper  residence,  27  feet 
southeast  to  blaze  on  large  cottonwood  tree,  21  feet  west  to  large 
stump 

Wild  Goose  road  at  road  north,  1  mile  south  of  Cooper  farm,  30  feet 
west  to  cross  on  dogwood  tree,  27  feet  southeast  to  arrow  on  rail 
fence 

Susie  post-office,  road  southwest,  9  feet  south  to  ring  nailed  to  tree,  42 
feet  northeast  to  center  of  yard  gate 

Otter  Cre«k,  at  Dug  Ford,  middle  of 

Wait  post-office,  1  mile  north  of,  crossroads  50  feet  south  of  gate,  45 
feet  northeast  to  stone  comer  at  gate,  34  feet  south  to  large  white- 
oak  tree 
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FRANKLIN    AND   OWEN    COUNTIES. 


8ADIEYILLE  aiXADRANOLE. 

The  line  starts  from  the  railroad  crossing  at  Switzer  and  follows 
highways  north  near  the  west  border  of  the  Sadieville  quadrangle  and 
the  east  border  of  the  Lockport  quadrangle  to  the  intersection  of  the 
Monterey,  Overton,  and  Georgetown  pikes,  at  Ilesler.  The  field 
work  was  done  by  J.  R.  Ellis,  assistant  topographer,  in  May,  1906. 

Geographic  positions  along  highways. 


Station. 


Latitude. 


Longitude. 


T  road  up  branch,  20  feet  souttiwest  to  J.  Stafford's  mail  box,  27  feet 

northwest  to  comer  of  rail  fence 

Franklin-Scott  county  line,  large  sugar-maple  tree  on 

Yates  schoolhouse,  pike  southwest  at,  24  feet  southeast  to  comer  fence 

post,  24  feet  southwest  to  mail  box 

Hall's  store,  T  road  southwest,  on  Franklln-Scott  County  line,  33  feet 

northwest  to  corner  of  store,  64  feet  north  to  W.  Baldwin's  mail  box. 
EUnvilie,  center  of  pike  just  west  of  road,  up  creek,  27  feet  west  to 

Wash's  shop,  24  feet  north  to  corner  of  fence 

Comer  Franklin,  Scott,  and  Owen  counties,  comer  stone 

Major  Anderson's  house,  east  comer  of  bridge  over  branch  southwest 

just  north  of 

Sleterville,  post  on  Scott-Owen  county  line  near 

Mr.  Bender's  house,  pike  west  at,  20  feet  southeast  to  comer  of  i>orch, 

30  feet  west  to  cross  on  hickory  tree 

North  comer  of  W.  T.  Watson's  barn,  aluminum  tablet  stamped 

"Prim.  Trav.  Sta.  No.  1, 1906" 

Deecbwood,  T  pike  east,  21  feet  northeast  to  comer  of  store  and  post- 

ofDce,  42  feet  southeast  to  corner  of  garden  fence 

J.  A.  Watson's  hou-e,  T  pike  southwest  to  Bethany,  21  feet  northeast 

to  southwest  comer  of  barn,  69  feet  northwest  to  center  of  small 

bridge ' 

Old  toll  gate,  pike  northeast,  10  feet  northwest  to  comer  of  yard  fence. 
Fairbanks  store  and  post-omce,  pike  west,  27  feet  west  to  southeast 

comer  of  store,  25  feet  southeast  to  cross  on  fence  post 

East  Eagle  post-ofDoe,  dirt  road  southwest  about  450  feet  south  of,  24 

feet  northwest  to  cross  on  tree,  30  feet  northeast  to  stump 

Ilesler,  intersection  of  pikes 
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ANDERSON,   JEFFERSON,    SHELBY,    AND    SPENCER   COUNTIES. 
SHELBYVILLE  AKD  TAYLORSVIIJ.E  aUADRANOLES. 

TJie  following  geographic  positions  on  the  United  States  standard 
datum  were  determined  by  primary  traverse  in  1905  by  C.  B.  Ken- 
dall, field  assistant.  The  north  line  begins  with  an  adjusted  position 
at  Hatton  and  follows  the  Chesapeake  and  Ohio  Railway,  public 
roads,  and  the  Louisville  and  Nashville  Railroad  west  along  the  north 
border  of  the  quadrangles  to  Anchorage.  The  south  line  starts  from 
a.n  adjusted  position  at  Smithville  and  follows  highways  via  Taylors- 
ville  to  an  adjusted  position  at  Gudgel. 

BuU.  310-07 4 
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PRIMARY   TRIANGULATION   AND   PRIMARY   TRAVERSE. 


SHELBY VILLB   QUADRANGLE    (SHELBY,    SPENCER,    AND   ANDERSON   COUNTIEB). 

Oeograpkic  positums  along  Louisville  and  Nashville  Railroad  between  HaUon  and  Bagdad. 


Station. 


Hatton,  in  front  yard  of  O.  W.  Stoclcton's  tenement  tiouse,  opposite 
Roberts  &  Wright's  general  store  on  north  side  of  Louisville  and 
Nashville  R.  R.,  southeast  comer  brick  chimney  to  house  bears  N.  3** 
lO'  £.,  distant  78.5  feet;  nail  in  sycamore  tree  on  railway  property 
bears  S.  33*  E..  distant  29.8  feet;  lower  hinge  to  front-yard  gate  oears 
8.  86*>  Sty  W.,  dlsunt  23.5  feet,  iron  post  stamped  "Prim.  Trav.  Sta. 
No.  24" 

Hat  ton,  1.1  miles  west  of,  second-class  road  crossing,  center  of  track. . 

Hatton,  1.7  miles  west  of,  second-class  road  crossing,  center  of  track. . 

Consolation  station,  0.9  mile  southeast  of,  second-class  road  crossing, 
center  of  track 

Consolation  station,  overhead-pike  crossing,  center  of  track 

Bagdad  station,  250  feet  south  of,  pike  crossing,  center  of  track I     38 


S5  02  16.5 
02  3L€ 
85    03   211 


Geographic  positions  along  public  highways  between  Bagdad  and  Shelbyville. 


station. 


Latitude.  Longitode. 


Bagdad  station,  1.6  miles  northwest  of,  T  road  south,  15  feet  southwest 
to  comer  post  of  wire  fence,  25  feet  southeast  to  comer  i>ost  of  wire 
fence 

Christiansbuig  station,  1  mile  south  of,  at  Junction  of  Shelbyville- 
Christiansburg  pike  and  pike  leading  east,  at  old  toll  gate,  in  north- 
west comer  of  Junction;  Iron  post  stamped  "Prim.  Trav.  Sta.  No.  3, 
1905" 

Shelbyville-Christiansbuig  pike  crossing  Chesapeake  and  Ohio  Rwy., 
center  of  track , 

Blacksmith  shop,  three  comers,  T  road  north,  40  feet  north  to  car 
shop,  10  feet  south  to  wire  fence 

Four  comers,  second-class  crossroads,  60  feet  southeast  to  Chesapeake 
and  Ohio  Rwv.  25  feet  northwest  to  red  gate , 

Chesapeake  and  Ohio  Rwy.  milepost  "Lou  34",  900  feet  northeast  of 
T  road  to  southeast,  60  feet  southeast,  to  railroad  crossing,  25  feet 
south  to  walnut  tree 

Bhelbyyille,  2.1  miles  east  of,  T  road  south,  25  feet  southwest  to  comer 
post  of  wire  fence,  30  feet  southeast  to  comer  post  of  wire  fence 

Shelbyville,  Shelby  County  court-house,  10  feet  east  of  southeast  cor- 
ner, Iron  post  stamped  ^'Prim.  Trav.  Sta.  No.  2, 1905  " 

Shelbyville,  intersection  of  Washington  and  Seventh  streets 
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Geographic  positions  along  Louisville  and  Nashville  Railroad  between  Shelbyville  and 

Anchorage. 


station. 

lAtitude. 

Looglto^. 

Shelbyville,  1.3  miles  west  of:  Smithfield  pike  crossing  of  lx)uisville  and 
Nashville  R.  R.  at  milk  station,  center  of  track 

0            /             '/ 

38    13    11.4 

85    14    a&3 
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Geographic  positions  along  highways  on  south  border  of  quadrangle. 
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Station. 


Latitude. 


Longitude. 


Little  Mount,  four  corners,  30  feet  south  to  telephone  pole,  36  feet  north- 
west to  stonewall,  90  feet  east  to  comer  of  blacksmith  shop 

Big  Beech  Creek,  east  end  of  covered  bridge  over,  roads  northeast,  east, 
and  south 

Old  Marrattoy  post-office,  three  comers,  T  road  to  east 

Old  Marrattoy  post-office,  in  forks  of  road.  In  northwest  comer  of  f  ron  t 

Sard  to  residence  of  W.  M.  Welch;  iron  post  stamped  "Prim.  Trav. 
ta.  No.  5,  1905" 

Briar  Ridge  Reformed  Church,threc  comers  at,  three  trees  in  triangle. 

Briar  Ridge  Reformed  Church,  1.4  miles  southeast  of,  T  road  to  north- 
east, junction  of  Van  Buren  and  Mount  Eden  roads,  12  feet  east  to 
gate,  18  feet  northwest  to  comer  of  rail  fence 

Little  Beech  Creek,  center  of,  at  second-class  fork  up  vallfey 

Mount  Eden,  about  1.25  miles  southwest  of,  four  comers,  center  of 
road  opposite  bam, 20  feet  west  to  bam  door,25  feet  east  to  step  at 
rock  wall 

Mount  Eden,  about  2  miles  south  of,  forks  of  roads  south,  southeast,  | 
and  east,  60  feet  northwest  to  old  stump,  30  feet  west  to  sycamore,  90  | 
leet  southeast  to  dead  tree 

Wycoflf'sold  mill  place,  1  mile  northwest  of,  forks  second-class  road  to  | 
southwest  25  feet  southwest  so  gate,  10  feet  north  to  bam 

Wyeoff's  old  mill  place,  forks  at  roads  northwest  up  hill  and  north- 
east of  Crooked  Creek, center  of  triangle  at  forks 

Wyeoff's  old  mill  place,  1.2  miles  southeast  of,  forks  of  roads  north- 
west and  southeast,  50  feet  north  to  oak  in  yard,  15  feet  southwest  to 
rail  fence 

Vandyke  post-office,  0.5  mile  east  of,  junction  of  Pleasant  Grove  Ridge 
road  and'Vanburen-Lawrenceburg  pike,  375  feet  west  of,  in  north- 
east comer  of  front  yard  to  residence  ot  J.  T.  Edwards,  iron  post 
stamped  *  'Prim.  Trav.  Sta.  No.  6,  1905  " 

Vandyke  post-office,  0.5  mile  east  of,  junction  of  Pleasant  G  rove  Ridge 
road  and  Van  buren- Law  rence|i>urg  pike,  south  edge  of  pike  at  junc- 


tion. 


Vandyke  post-office,  about  2.5  miles  east  of,  junction  of  Vanburen- 
Lawrenceburg  and  Mount  Eden  Lawrenceburg  pikes,  20  feet  north- 
west to  stone  wall,  50  feet  southwest  to  large  elm 

Timl>er  Creek,  center  of  covered  bridge  over 

Glensl>oro,  three  comers  at  blacksmith  shop,  pike  to  south,  40  feet 
south  to  comer  of  yellow  store,  40  feet  southwest  to  comer  of  yellow 
dwelling 

Olensboro,  1.4  miles  east  of,  forks  of  second-class  road  to  northeast,  30 
leet  northwest  to  comer  of  stonewall,  60  feet  east  to  apple  tree 

Petty  post-office,  0.25  mile  north  of,  T  road  south,  50  feet  southeast  to 
telephone  pole,  35  feet  southwest  to  comer  post  of  wire  fence,  350 
feet  south  to  covered  bridge 

Petty,  1  mile  west  of,  forks  of  second-class  road  to  southeast.  15  feet 
north  to  telephone  pole  patated  "6S2, "  60  feet  east  to  oak  tree 


Gudeel.  blue-limestone  post  28  by  6  by  6  inches,  with  hole  drilled  and 
'  'L .  &.  G.  S."  cut  in  top,  in  front  yard  of  Lizzie  Burgess's  house.  1.2 
feet  from  front  fence,  19  feet  west  of  gate,  comer  of  buggy  shed  bears 
N.  77'»  30' W.,  distant  26.6  feet 
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PRIMARY    TRIANGULATION    AND    PRIMARY    TRAVERSE. 


TAYL0R8VILLB    QUADRANGLE    (JBPFERSON,    SHELBY,    AND    8FENCER    COUNTIEsV 

Geographic  positions  along  Louisville  and  Nashville  Railroad  between  Shelbyx-ilU  ani 

Anchorage. 


Station. 


Latitude. 


Loi^tud€. 


Milk  station,  8«cond-cIa8s  road  crossing,  center  of  track 38  13  52.8'  85  16  ill 

Scotts  stat.on,  pike  crossing,  center  of  track I  38  14  01.3:  8S  17  IK? 

Scotts  station,  1.3  miles  west  of,  second-class  road  crossing,  center  of  j 

track 38  13  29.6  |  85  IS  24  5 

^impsonville  station,  0.7  mile  east  of,  second-class  road  crossing,  center  { 

oftrack 38  13  33.6  85  30  319 

Siropsonville,  In  southeast  comer  ofgrounds  of  Simpsonville  Masonic  | 

lodge,  iron  post  stamped  "Prim.  Trav.SU.  No.  1,  1905" 38  13  20.8  85  21  314 

Simpsonville,  at  vrest  edge  of.  State  pike  crossing  of  Louisville  and  |  I 

Nashville  R.  R..  center  of  track 38  13  21.4  j  85  21  44.7 

Connors  station,  road  crossing,  center  of  track 38  13  23.8  85  23  af  7 

Longrun  station,  road  crossing,  center  of  main  track I  38  13  48.0  85  25  3ao 

Flovds  Fork,  0.25  mile  east  of.  road  crossing,  center  of  main  track 38  14  25. 8  i  85  27  ST.  o 

Beclcleys  station,  road  crossing,  center  of  track 38  15  02.6  i  85  2S  32.3 

A voca  station,  road  crossing,  north  rail,  main  track '  38  15  22.1-  85  30  Oi  j 

Anchorage,!  mile  east  of,  road  crosshig  at  milepost  "Lou  13,"  center  of  I 

track 38  15  38.3  K>  31  24-7 


Geographic  positions  along  highways  on  south  border  of  quadrangle. 


Station. 


Smithville,  0.9  mile  southeast  of ,  junction  of  Salt  River  road  and  pike, 

10  feet  northeast  to  rock  wall,  90  feet  south  to  crooked  oak  tree 

Smithville,  1.7  miles  east  of,  three  comers,  second-class  T  road  to 

south,  10  feet  south  to  gate 

Lucas  ford  of  Sait  River,  0.75  mile  west  of,  T  road  to  south,  35  feet 

south  to  red  gate 

Lucas  ford  of  Salt  River,  600  feet  nort  h  of,  forks  of  road  south  and  west, 

10  feet  north  to  comer  of  crib,  40  feet  southwest  to  fence 

Waterford,  1.7  miles  southwest  of ,  loop  In  main  road,  second-class  road 

to  south  at  white  bam,  70  feet  north  to  large  oak,  40  feet  west  to  lot 
&te. 


W?at( 
ate 


vaterford,  0.8  mile  southwest  of,  three  comers  at  bend  of  road  north- 
east, second-class  T  road  to  southwest,  15  feet  southwest  to  gate,  20 
feet  south  to  comer  of  bouse 

Waterford,  at  north  edge  of,  junction  of  Taylorsville,  Waterford,  and 
Elk  Creek  pikes,  at  blacksmith  shop,  70  feet  north  to  center  of  small 
bridge,  130  feet  east  to  center  of  Plumb  Creek 

Waterford.  1  mlleeast  of, forks,  pike  to  west,  public  road  to  south,  15 
feet  north  to  mall  box,  40  feet  southwest  to  comer  of  wire  fence 

Waterford,  2  miles  west  of,  four  comers  near  top  of  hill,  second-class 
crossroads,  5  feet  north  to  wire  gate,  40  feet  south  to  white  gate 

Taylorsville,  2.4  miles  west  of,  forks,  roads  east  and  south,  30  feet  west 
to  comer  of  wire  and  rail  fence.  35  feet  northeast  to  farm  gate,  90 feet 
southeast  to  two  walnut  trees 

Taylorsville,  1.4  miles  west  of,  forks,  second-class  road  to  northwest. 
15  feet  north  to  wire  fence,  35  feet  south  to  board  and  wire  fence,  60 
feet  southeast  to  telephone  pole 

Taylorsville,  at  west  edge  of,  forks  of  pike  north  and  west,  15  feet 
south  to  stonewall,  40  leet  north  to  telephone  pole 

Taylorsville,  Spencer  County  court-house,  southwest  comer  of.  Iron 
post  stamped  "Prim.  Trav.  Sta.  No.  4,  1905" 

Taylorsville,  1.6  miles  east  of,  forks,  second-class  road  to  south 

Taylorsville,  2.1  mile  east  of,  T  road  south,  35  feet  southeast  to  comer 
post  of  wire  fence,  35  feet  west  to  comer  post  of  wire  fence 

Three  comers,  second-class  T  road  to  north,  15  feet  north  to  gate 

Little  Mount,  1  7  miles  west  of,  three  comers,  second-class  road  to 
northwest,  25  feet  northwest  to  gate,  40  feet  east  to  locust  tree 
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LOUISIANA. 

PRIMARY  TRAVERSE. 

ASCENSION,    EAST   BATON   ROUGE,    AND   IBERVILLE   PARISHES. 

BATOK  ROTXOB  aUASRAHOLE. 

The  following  geographic  positions  were  determined  by  primary 
traverse  in  November,  1905,  by  C.  B.  Kendall,  field  assistant. 

The  line  starts  at  Baton  Rouge  and  runs  northeasterly  via  high- 
ways to  Comite  post-office,  thence  southerly  via  Foreman,  Hope- 
villa,  and  Dutchtown  to  Geismar,  on  the  Yazoo  and  Mississippi  Valley 
Kailroad,  thence  northwesterly  along  said  railroad  to  St.  Gabriel. 

Positions  are  based  on  the  Baton  Rouge  astronomic  datum  as  given 
in  the  report  of  the  Chief  of  Engineers,  United  States  Army,  for  1887, 
Part  IV,  page  2783. 

Geographic  positions  along  highways. 


Station. 


Baton  Rouge,  brick  tower  on  penitentiary 

Cowboys'  Exchange,  road  north 

Three  comers,  road  north 

Three  comers,  road  north 

Comite.  store  and  post-oflice,  160  feet  northeast  of,  marble  post  30  by 
6  by  3  inches  set  28  inches  in  ground,  "G.  S."  cut  in  top  of  post 

Comite,  store  and  post-ofllce,  300  feet  southwest  of,  nfarbie  oost  30  by 
6  by  3  inches  set  28  inches  in  ground.  "G.  S."  cut  in  top  of  post;  the 
two  posts  are  453  feet  apart,  azimuth  between  them  is  34*  25'  35". . . 

Rosehill  Baptist  Church,  T  road  south 

Rosehill  Baptist  Church,  1.5  miles  south  of,  four  comers,  township 
line,  20  feet  northeast  to  comer  of  wire  fence,  45  feet  west  to  oak  tree. 

Harelson's  store,  1.25  miles  northwest  of,  road  forks,  second-class  ro«d 
northwest,  40  feet  northeast  to  bush,  60  feet  aoutheast  to  bush 

Harelson's  store,  three  comers,  T  road  north,  GO  feet  northeast  to 
comer  of  store  porch,  60  feet  east  to  T  road  south 

Jones  Crpek  Church,  250  feet  southeast  of,  three  comers 

Jones  Creek  Church,  1.75  miles  southeast  of,  three  comers  near  J.  B. 
Cooper's  mail  box,  80  feet  northwest  to  large  oak,  90  feet  south  to 
comer  wire  fence 

Phillips's  ( F.  M.)  mail  box,  three  comers  near,  20  feet  northeast  to  cedar, 
20  feet  northwest  to  mail  box 

Clay  Gut  road,  three  comers  at  Junction  with  T  road  north,  35  feet 
northwest  to  comer  of  wire  fence.  60  feet  southeast  to  large  live  oak. 

Foreman  post-office,  1.5  miles  north  of,  three  comers,  T  road  south,  40 
feet  southwest  to  rail  fence,  35  feet  south  to  sweet  gum 

Foreman  post-office,  1,000  feet  east  of,  three  comers,  T  road  north 

Foreman  post-office,  1.000  feet  southeast  of,  at  northeast  corner  of 
St.  Luke's  Baptist  Church,  iron  post  stamped  "Prim.  Trav.  Sta. 
No.  1,1905" 

Hopevilla,  1  mile  northwest  of,  three  comers.  T  road  northeast,  15 
feet  northeast  to  small  bridge,  90  feet  west  to  oak  tree 

Hopevilla,  center  of  Bayou  Manchat  at  Hampton  Ferry 

Hopevilla,  0.75  mile  south  of,  three  comers,  T  road  west,  25  feet  south- 
west to  comer  of  yard  fence,  25  feet  northwest  to  comer  of  rail  fence. 

Three  comers,  5»0  feet  southeast  of  store,  T  road  east.  25  feet  northeast 
to  comer  of  fence,  30  feet  southwest  to  front-yard  gate 

Forks  of  road,  north  and  northeast,  30  feet  southwest  to  thom  tree, 
1 10  feet  northeast  to  locust  tree 

Township  line,  three  comers  on,  T  road  east 

Forks  of  road  at  store,  north  and  northeast,  70  feet  east  to  store,  20 
feet  west  to  wire  fence 

Goodhope,  four  comers  at,  second-class  road  crossing 

T.  9  S.,  R.  2  E..  comer  of  sees.  14,  15,  22,  and  23,  5  feet  south  of,  four 
comers  at  Dutchtown 

Dutchtown,  southeast  comer  of  intersection  of  public  roads,  in  north 
face  of  comer  of  brick  foundation  of  Picard.  Geismar  &  Co.'s  ware- 
house, aluminum  tablet  stamped  "Prim.  Trav.  Sta.  No.  2,  1906"... 

Patchtown.  1.25  miles  south  of,  center  of  Moore's  bridge  over  New 


Latitude. 


Longitude. 


River. 


Three  comers,  T  road  west,  40  feet  west  to  large  oak,  60  feet  northwest 

to  gate 

Three  comers,  T  road  southeast 
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Geographic  positions  along  Ya^oo  and  Mississippi  Valley  RaUroad,  Geismar  to  St.  Gabrid, 


Station. 


Geismar  station,  road  crossing  150  feet  southeast  of 

Geismar,  125  feet  southeast  of  station,  50  feet  south  of  center  of  Yazoo 
and  Mississippi  Valiey  R.  R.,  main  track,  in  angle  between  railway 
and  public  road,  Mississippi  River  Commission  bench  marlc  post 
•  *  1801  P.  B.  M.."  stamped  *  'Prim.  Trav.  Sta.  No.  3. 1905."  A  United 
States  Geological  Survey  iron  post  was  also  set  1  foot  west  of  Missis- 
sippi River  Commission  bench  mark  and  stamped  "Prim.  Trav.  Sta. 
No.  3, 1905" 

South  wood  station,  50  feet  northwest  of,  center  of  main  track,  at  road 
crossing 

Ascension-Iberville  parish  line,  center  of  track 

Ascension-Iberville  parish  line,  0.6  mile  northwest  of,  road  crossing, 
100  feet  northwest  of  cotton  gin 

Bruns,  50  feet  southeast  of,  road  crossing 

Bruns,  1.25  miles  northwest  of,  second-class  road  crossing,  point  10 
feet  west  of 

St.  Gabriel  station,  150  feet  west  of  center  of  main  track,  on  south 
edge  of  sidewalk  leading  west  from  station,  Mississippi  River  Com- 
mission bench  mark  marked  '  *  U.  8.  P.  B.  M.  1891."  A  United  States 
Geological  Survey  iron  post  was  set  near  and  stamped  *  *  Prfcm.  Trav. 
SU.  No  .4, 1905  " 

St.  Gabriel.  0.75  mile  southwest  of,  chimney  on  old  Bagatelle  sugar 
house..... 


Latitude. 


30    12    1&4 


Longitude. 


91    01    2L0 
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ASCENSION,    ASSUMPTION,    IBERVILLE,    AND    WEST    BATON    ROUGE 

PARISHES. 

OR0B8ETETE  AHD  WHITEOASTLS  aTJAD&AKGLES. 

The  following  geographic  positions  were  determined  by  primary 
traverse  run  by  C.  B.  Kendall,  field  assistant,  in  December,  1905. 
For  the  control  of  the  Whitecastle  quadrangle  the  line  begins  with 
the  position  of  the  east  tower  of  the  old  Catholic  Church  at  Donald- 
sonville  and  follows  the  Texas  and  Pacific  Railway  to  Plattenville, 
thence  along  public  roads  west  and  northwest  to  the  Whit^ecastlc 
Lumber  Company^s  railroad  at  Lake  Natchez,  thence  along  this  rail- 
road and  public  roads  northeast  to  Whitecastle,  thence  along  Texas 
and  Pacific  Railway  to  Plaquemine,  where  it  is  tied  to  the  position 
of  the  Catholic  Church  spire 

For  the  control  of  the  Grossetete  quadrangle  the  line  begins  with 
the  position  of  the  Catholic  Church  spire  at  Plaquemine  and  follows 
Bayou  Plaquemine  to  its  junction  with  Bayou  Grossetete,  thence 
along  Bayou  Grossetete  northwest  to  Grossetete,  tlience  along  the 
Texas  and  Pacific  Railway  to  Old  Rosedale  station,  where  it  turns 
east  along  the  old  Louisiana  Central  Railroad  grade  to  Baton  Rouge 
and  is  tied  to  the  position  of  the  northwest  tower  of  the  Louisiam 
statehouse,  also  to  primary  traverse  position  as  determined  by  E.  L. 
McNair,  topographer,  in  1903. 

A  checked  spur  line  was  run  from  Old  Rosedale  station  northwest 
along  the  Texas  and  Pacific  Railway  to  Maringouin  station. 

Positions  are  based  on  the  Baton  Rouge  datum,  as  given  in  the 
report  of  the  Chief  of  Engineers,  United  States  Army,  for  1887, 
pages  2779-2784. 
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OROS8BTETE   QUADRANGLE    (BATON   ROUGE   AND  IBERVILLE   PARISHES). 

Geographic  positions  along  highways. 


SUtlon. 


Plaquemine,  west  edge  of,  janotion  of  Court  street  and  Bayoa  road, 
25  feet  southwest  to  center  of  small  bridg%£0  feet  northwest  to  cor- 
ner of  store  porch 

Plaquemine,  2.2  miles  southwest  of,  600  feet  east  of  oil-puraping  sta- 
tion, three  comers,  second-class  T  road  to  south,  40  feet  south  to 
railroad 

Le  Blanc's  store,  1.1  miles  northeast  of,  three  comers,  T  road  to  south. 
10  feet  south  to  gate,  40  feet  southwest  to  oak  tree.  50  feet  north  to 
center  of  railroaa 

Le  Blanc's  store,  three  comers,  T  road  to  south,  30  feet  south  to  gate, 
30  feet  southwest  to  comer  store  porch 

Cockleburr  lumber  mill,  center  of  water  tank 

Crescent  post-office,  0.7  mile  southwest  of,  three  comers,  T  road  to 
south,  20  feet  southwest  to  comer  of  yard  fence.  40  feet  southeast  to 
comer  of  yard  fence 

Ferguson's  private  ferry,  three  comers,  road  north  to  south  landing 
of;  35  feet  south  to  store  door,  30  feet  northeast  to  telephone  pole. . . 

Seymour  Ferry  across  Bayou  Plaquemine,  east  landing  of 

Seymour  Ferry,  150  feet  north  of  east  landing,  at  bend  of  road  to 
south,  at  southwest  comer  of  front-yard  fence  to  residence  of  Frank 
Seymour,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  10, 1906  " 

Seymour  Ferry,  0.6  mile  northwest  of,  three  comers,  T  road  east  to 
Joe  Carter's  ferry,  40  feet  northeast  to  sweet  gum,  50  feet  south  to 
sycamore  stump 

Seymour  Ferry,  1.7  miles  northwest  of,  center  of  bridge  over  small 
bayou 

Seymour  Ferry,  2.6  miles  northwest  of.  point  of  land  at  Junction  of 
bayous  Choctaw  and  Grossetete 

Bayou  William,  0.4  mile  southeast  of,  three  comers,  second-class  T 
road  to  west,  at  northeast  comer  of  clearing,  stake  at  west  edge  of 
road,  marked  *  *  (►-lO  " 

Bayou  Wllliamf  center  of  bridge  over 

Bayou  William.  0.9  mile  northwest  of,  three  comers,  second-class  T 
road  to  west.  100  feet  south  of  southeast  comer  of  clearing,  100  feet 
north  of  northeast  comer  of  clearing 

Bayou  Catflsh,  1.3  miles  southeast  of.  scond-class  road  to  south,  10 
feet  west  to  locust.  90  feet  north  to  edge  of  Bayou  Orossetete 

Bayou  Catfish,  center  of  bridge  over 

Bayou  Catflsh,  1.6  miles  northwest  of,  three  comers,  second-class  T 

I  road  west.  150  feet  south  of  southeast  comer  of  clearing.  25  feet  south- 
west to  gum  tree,  50  feet  east  to  edge  of  Bayou  Grossetete 

Bayou  Catflsh.  2.5  miles  northwest  of,  three  comers,  second-class  T 
road  to  southwest,  10  feet  northwest  to  comer  of  wire  fence,  10  feet 
southwest  to  comer  of  wire  fence,  100  feet  northeast  to  Bayou  Groses- 
tete 

Grossetete.  about  4.3  miles  southeast  of,  at  bend  of  bayou  to  north- 
west, forks  of  roads  northwest  and  southwest,  60  feet  southeast  to 
maple  tree,  50  feet  north  to  edge  of  Bayou  Grossetete 

Grossetete,  3  miles  southeast  of,  three  comers,  second-class  T  road  to 
southwest,  30  feet  southwest  to  chinaberry  tree,  30  feet  south  to 
comer  of  wire  fence,  15  feet  northeast  to  top  of  levee 

Grossetete,  1.6  miles  southeast  of,  three  comers,  second-class  T  road 
leading  over  old  drawbridge,  50  feet  northwest  to  laige  live  oak,  20 
feet  west  to  end  offence 

Orossetete,  0.6  mile  east  of  station,  road  crossing  Texas  and  Paciflc 
Rwy.,  125  feet  northwest  of  bridge  over  Bayou  Grossetete,  center  of 
track - 
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Longitude. 

91  14  4a  0 

91  15  3a  9 

91  15  55.8 

91  16  17.3 

91  16  54.8 

91  17  17.9 

91  18  03.7 

91  19  ia3 

91  19  09.7 

91  19  2L6 

91  19  09.3 

91  18  56.4 


91    19    29.6 
91    19    39.3 


91    19    53.4 


91    20    45.4 
91    21    49.5 


91  22  29.3 

91  22  46.9 

91  23  52.5 

91  24  42.8 

91  25  02.2 

91  25  26.6 


Geographic  positums  along  Texas  and  Pacific  Railway  near  Grossetete. 


Station.     , 

.    Latitude. 

Longitude. 

OrtMsetete  station,  100  feet  northeast  of,  at  edge  of  railroad  right  of 
way  at  comer  of  street,  50  feet  north  of  center  main  track  Texas  and 
Paciflc  Rwy.,  iron  post  stamped**  Prim.  Trav.  Sta.  No.  11,1905".... 

Orossetete  station,  0.9  mile  northwest  of,  railroad  crossing,  Texas  and 
Paciflc  R wv.  ana  lumber  road  leadinsr  west,  center  of  track 

O        '           // 

30    24    38.9 
30    25    08.1 
30    26    04.9 

91    26    03.0 
91    26    48.3 

Old  Rosedale  station  at  crossing  Texas  and  Paciflc  Rwy.  and  Old  Lou- 
isiana Central  R.  R.  grade,  public  road  crossing,  center  of  track 

91    27    51.1 

Digitized  by  VjOOQIC 


42         PRIMARY    TRIANGCLATION    AND    PRIMARY    TRAVERSE. 

Geographic  positions  along  old  Louisiana  Central  Railroad  grade. 


Station. 


Latitude. 


Roaedale  post-office,  four  corners,  60  feet  northwest  to  corner  store,  30 
feet  southeast  to  comer  of  old  platform,  180  feet  east  to  center  of 
bridge  over  Bayou  Grossetete 

Rosedale  post-oflnoe,  1.2  miles  east  of,  small  bayou,  center  of  bridge  over 

Rosedale  post-office,  2.5  miles  east  of,  center  of  bridge . .  .^t 

Lake  Crocodile,  center  of  iron  bridge  over 

Lake  Crocodile,  1.6  miles  east  of,  small  bayou,  center  of  bridge  over. . . 

Lake  Crocodile,  2.6  mile«  east  of,  second-class  wood  road  to  north,  cen- 
ter of  old  grade 

Four  comers  at  old  sawmill  place,  2.6  miles  west  of.  three  comers,  sec- 
ond-class T  lane  to  south,  10  feet  south  to  small  bridge 

Four  comers  at  old  sawmill  place,  2.1  miles  west  of,  three  comers,  sec- 
ond-class T  road  to  south,  40  feet  south  to  dead  oak,  10  feet  west  to 
small  bridge 

Four  comers  at  old  sawmill  place,  1  mile  west  of.  four  comers,  second- 
dass  T  road  to  south,  cane-fleld  road  to  north,  20  feet  south  to  comer 
of  wire  fence,  40  feet  southwest  to  gum  tree 

Old  sawmill  place,  on  Seivy  plantation,  about  6  miles  west  of  Port 
Al'en,  four  comers,  crossroads,  15  feet  north  to  small  bridge,  35  feet 
south  to  wire  fence 

Port  Allen,  about  5  miles  west  of.  four  comers  at  west  end  of  old  plank 
road  on  Savoy  plantation,  In  southwest  comer  of  intersection,  4ron 
post  stamped '^Prim.  Trav.  Sta.  No.  13,1905" 

Port  Allen,  3.8  miles  west  of,  forks,  roads  southwest  and  southeast  at 
schoolhouse,  center  of  old  grade,  100  feet  southwest  to  front  door  of 
schoo'house 

Port  Al'en,  about  3  miles  west  of,  Second-class  road  crossing,  center  of 
old  grade 

Port  Allen,  1.5  miles  west  of,  second-class  road  crossing,  60  feet  east  of 
old  trestle  across  three  streams,  center  of  old  grade  at  road  crossing. . 

Port  Allen,  at  west  edge  of,  crossing  of  Texas  and  Pacific  Rwy.  and  old 
grade  of  Louisiana  Central  R.  R.,  center  of  track 

Port  Alien,  West  Baton  Rouge  court-house,  in  angle  formed  by  east 
wall  and  north  wall  of  porte-cochfire,  iron  post  stamped  "  Prim.  Trav. 
Sta.  No.  14,1905" 

Baton  Rouge,  intersection  of  Main  and  Lafayette  streets,  center  of  car 


track. 


Baton  Rouge,  northwest  tower  of  Louisiana  statehouse.  United 
States  Engineers'  triangulation  station 

Baton  Rouge  post-office,  150  feet  east  of,  in  park  at  foot  of  Church 
street,  Mississippi  River  Commission  P.  B.  M 

Baton  Rouge,  intersection  of  North  boulevard  and  Dufrocq  street, 
center  of  street-car  track 

Baton  Rouge, Cowboys'  Exchange,  three  comers,  T  road  to  northwest. 


Longitoda. 


30 
30 
•JO 
30 
30 

26 
27 
27 
28 
28 

34.5 
12.0 
46.8 
41.2 
17.0 

91 
91 
91 

91 
91 

27 
26 
25 
23 
21 

08.1 
G&l 
0L5 
IStl 
48.3 

30 

28 

10.5 

91 

20 

505 

30 

28 

1L5 

91 

19 

2L8 

30 

28 

ILO 

91 

18 

49lC 

30 

28 

09.1 

91 

17 

45.3 

30 

28 

10.0 

91 

16 

44.0 

30 

28 

00.6 

91 

16 

44.5 

30 

27 

44.1 

91 

15 

46.1 

30 

27 

35.6 

91 

14 

56u5 

30 

27 

39.5 

91 

13 

27.3 

30 

27 

42.0 

91 

12 

35.8 

30 

27 

40.7 

91 

12 

21-2 

30 

27 

0&6 

91 

11 

30-9 

30 

26 

51.56 

91 

11 

20.29 

30 

26 

52.87 

91 

11 

15.28 

30 
30 

26 
27 

55.6 
14.9 

91 
91 

10 
10 

07.9 

oa7 

Geographic  positions  along  Texas  and  Pacific  Railway  j  Rosedale  to  Maringouin. 

[Checked  spur  line.] 


Station. 


La*:itude. 


New  Rosedale  station,  1,000  feet  northwest  of,  road  crossing,  center  of  *  '  " 

track 30  26  30.9 

New  Rosedale,  1.7  miles  northwest  of,  at  cotton  gin,  crossing  of  West  i 

Oak  lane,  center  of  track 30  27  30.1 

Slack's  cotton  gin,  400  feet  northwest  of,  road  crossing,  center  of  track..  30  27  56.0 

Maringouin.  1  mile  southeast  of,  road  crossing,  center  of  track 30  28  44.2 

Maringouin  station,  50  feet  southeast  of,  street  crossing,  center  of  main  , 

track 30  29  30.5 

Maringouin  station,  200  feet  north  of,  at  south  comer  of  Joseph  Woirs  | 

department  store,  iron  post  stamped  "  Prim.  Trav.  Sta.  No.  12, 1905  "  30  29  32. 0 


Longitude 


91  38    19.6 

91  29    21-9 

91  29    45.5 

91  30    29.3 

91  31    11.4 

91  31    09.9 
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WHITECA8TLE  QUADRANGLE  (A8CEN8I0N,  ASSUMPTION,  AND  IBERVILLE  PARISHES). 

Oeograpkic  positions  along    Texas   and  Pacific   Railway  between  DonaldsonvUle  and 

PlattenvilU. 


station. 


Latitude. 


Longitude. 


DonaldsonvUle,  east  tower  of  old  Catliolic  Church 30    06    18.0.5  I      90    '»8    r>8.25 

Donaldsonville,  cross  on  Catholic  convent 30    06    14. 36        90    /V9    05.47 

DonaldsonvUle.  freight  station,  50  feet  south  of,  Texas  and  Pacific  Uwy. 

main  line,  overhead  crossing  of  St.  Patrick  street 30    05    54. 1  90    59    :il.9 

Donaldsonville,  1.7  miles  south  of,  second-<'las8  road  crossing  at  trestle 

over  small  stream 30    05    12.1    t      90    53    35.9 

Sugarhouse,  400  feet  west  of.  center  of  track  at  road  crossing I    30    04    11.9    '      91    00    16.8 

Belle  Alliance.  0.75  mile  north  of,  at  Halfway  station,  road  crossing,  '  \ 

center  of  track l    30    03    36.9    1      91    00    47.3 

Belle  Alliance  station,  100  f<^t  south  of,  road  crossing ,    30    03    08.6  91    01    12.0 

Bell©  Alliance,  1.1  miles  south  of,  center  of  track;  crossing  signpost  I  | 

stands  15  fwt  west  of  track 30    02    14.8  91    01    32. 1 

Bello.Vlliancestation,  1.8  miles  south  of,  at  sugarhouse,  road  crossing,  ,  , 

center  of  track '    30    01    37.3    I      91    01    38.9 

Sweet  Home  sugarhouse,  tramroad  crossing,  550  feet  south  of,  road  i 

crossing,  center  of  track |    30    00    47.5    |      91    CI    38.9 

Plattenvflle,  100  feet  north  of  station,  road  crossing,  center  of  main 

track 29    59    41.9  91    01    00.4 


Geographic  positions  along  highways. 


Station. 


Plattenvllle,  Catholic  Church,  in  south  face  at  southeast  comer,  alu- 
minum tablet  stamped  '*  Prim.  Trav.  Sta.  No.  5, 1905" 

Paincourtville,  at  junction  of  Bayou  Lafourche  and  Lake  Natchez 
roads,  400  feet  northeast  of  Catholic  Church,  brick  warehouse  in 
northwest  comer  of  Intersection ,  east  corner 

Paincourtville,  0.6  mile  north  of.  at  Magnolia  store,  thnv  corners,  pub-  { 
lie  T  road  to  west,  60  feet  southwest  to  comer  of  fence,  40  feet  north  to 
comer  of  stom,  80  feet  east  to  Bavou  Lafourche  levre 

Paincourtville,  I  mile  northwest  of,  Texas  and  Pacific  and  Southem 
Rwys.  crossing,  center  of  track 

Paincourtville,  about  2.5  miles  northwest  of,  three  comers,  second- 
class  road  to  south  at  bend  of  main  road  to  northwest,  10  feet  south 
to  small  bridge,  40  feet  northeast  to  telephone  pole 

Paincourtville,  about  3.75  miles  northwest  of,  three  comers,  second- 
class  T  road  to  west,  at  bend  of  main  road  to  north. 


Paincourtville,  about  3.75  miles  northwest  of,  second-class  T  rod<l  west  , 
at  bend  of  main  road  to  north,  at  comer  of  fence  at  northeast  comer  I 
of  Intersection,  iron  post  stamped  "  Prim.  Trav.  Sta.  No.  6, 1905". .. 

Grand  Bayou,  at  old  bridge  site  (1905),  about  700  fe<?t  north  of  store,  i 
center  of  stream ' 

Bayou  Come,  center  of  bridge  over I 

Small  bayou,  center  of  bridge  over 

Bayou  Plerrepas,  east  end  of  bridge  over 

Bayou  Plerrepas,  bridge  over,  0.6  mile  southwest  of,  three  comers,  mh"-  i 
ond-class  T  road  west  to  Lake  Natchez.  25  feet  northeast  to  small  ' 
bridge,  70  feet  west  to  comer  plank  and  wire  fence,  35  feet  east  to  > 
hickory 

Bayou  Plerrepas,  bridge  over,  0.6  mile  southwest  of,  thnv  comers,  sec- 
ond-class T  road  west  to  T^ake  Natchez,  at  lonw  comer  at  southwest 
comer  of  Intersection,  iron  post  stamped  **  Prim.  Trav.  Sta.  No.  7, 
1905" V 

Bavou  Natchez,  0.75  mile  east  of,  forks,  second-class  roads  west  to 
Bayou  Natchez  and  north  to  Whitecastle  Lumber  Co.'s  railroad,  35 
feet  south  to  live  oak,  25  feet  west  to  1m  ech  tree 

Whitecastle  Lumber  Co.'s  railroad,  dwelling  of  Mr.  Blanchard,onea8t 
edge  of  Lake  Natchez,  chimney  At  south  end  of  dwelling 


Latitude. 

29  5©  29. 4  , 

29  59  38.3  | 

30  00  07.8 
30  00  10.3 

30  00  16.6 

30  00  24.2 

30  00  24.4 

30  00  59.5  , 

30  00  66. 8  , 

30  00  48.7  1 

30  00  37.2 

30  00  16.2  . 

30  00  16.1 

30  00  42.8 

30  01  5;.  8 


Longitude. 

o  t          tr 

91  01  23.3 

91  03  14.9 

91  03  12.0 

91  03  50.8 

91  05  31.5 

91  06  32.0 

91  06  31.7 

91  07  61.1 

91  09  14.7 

91  09  66.9 

91  11  10. 1 


91     11    41.6 

91     13    04.0 
91     13    06.4 
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Oeograpkic  positions  along  WhitecasUe  Lumber  Company's  railroad. 


Station. 

Latitude. 

Longitude. 

Lake  Natches,  east  edge  of,  center  of  railroad,  at  edge  of  lake,  35  feet 
north  to  cypress  tree  with  cross  cut  on  face,  25  feet  south  to  cypress 
tree  with  cross  cut  on  face 

o          /          // 

30    02    42.4 
30    05    06.7 

30    06    20.8 

Off 

91    13   07.3 

Second-class  road  crossing,  1,400  feet  north  of  end  of  lone  trestle 

Branch  railroad  northwest,  250  feet  east  of,  road  crossing,  center  of 
track 

91    13    10l4 
91    12   42.3 

Geographic  positions  along  highways. 


station. 


Richland  lane,  junction  of  railroads  about  1,000  feet  north  of  store, 
bridge  over  small  stream  crossing  lane,  center  of  bridge 

Three  comers,  T  road  west,  20  feet  west  to  Add  gate,  260  feet  north  to 
second-class  T  road  east 

Three  comere,  T  road  northwest,  30  feet  west  to  comer  of  wire  fence,  80 
feet  northeast  to  gum  tree 

Cane  railroad  crossing,  center  of  track 


Latitude. 


30    06    56.1 
30    06    06.0 


30    08    34.2  I 
30    09    19.5 


Longitude. 


91    11    r.T 
91    10   HI 


91    10   X5 
91    09   57.5 


Geographic  positions  along  Texas  and  Pacific  Railway  between  Whitecastle  and  Plaqut- 

mine.. 


Station. 


Latitude. 


Longitode. 


Whitecastle  station,  0. 36  mile  northwest  of,  road  crossing,  north  rail. . 

Whitecastle  station,  0. 36  mile  northwest  of,  at  crossing  of  Richland 
lane  and  Texas  and  Pacific  Rwy.,at  comer  of  fence,  65  feet  west  of 
crossing,  30  feet  south  of  center  of  Texas  and  Pacific  Rwy.,  iron  post 
stamped  "  Prim.  Trav.  Sta.  No.  8, 1905" 

Dorsey  viUe  station,  125  feet  southeast  of,  road  crossing,  center  of  track. 

Dorse vville  station,  1.2  miles  northwest  of,  road  crossing,  center  of 
track 

Bayou  Goula,  50  feet  southeast  of,  road  crossing,  center  of  track 

Bavou  Goula,  1.6  miles  northwest  of,  road  crossing  at  platform  at  tres- 
tle No.  80  D,  center  of  track 

SeymourviUe  station,  1.4  miles  southeast  of  road  crossing  and  cane  rail- 
road crossing  Texas  and  Pacific  Rwv.,  center  of  tracks 

SeymourviUe,  road  crossing,  center  of  tracks 

Plaquemine  station,  50  feet  south  of,  main  street  crossing,  center  of 
main  track 

Plaquemine,  in  north  face  at  northwest  comer  of  Iberville  Parish 
court-house,  aluminum  tablet  stamped  "Prim.  Trav.  Sta.  No.  9, 
1905" 

Plaquemine,  Catholic  Church  splTe,  United  States  englneen'  tiiangu- 
lation  point 


30    10    24.0 


30  10  23.9 

30  10  35.7 

30  11  22.7 

30  12  22.9 

30  13  36.1 

30  15  34.8 

30  16  42.1 

30  17  30.6 

30  17  33.8 

30  17  3L97 


91    09 


91  09  17.^ 

91  09  41$ 

91  10  ao.s 

91  11  06.2 

91  11  «.5 

91  13  oas 

91  13  4a( 

91  14  110 

91  14  01.3 

91  14  OlS 


BOSSIER;    CADDO,    AND   DE    SOTO   PARISHES. 
HANSFISLD  AND   8EBEVEP0RT  aTJASRAHOLSS. 

The  following  geographic  positions  were  obtained  by  primary  trav- 
erse run  by  Sledge  Tatum  in  1905,  incidental  to  the  primary-traverse 
control  in  northeastern  Texas.  These  positions  form  a  portion  of  the 
circuit  extending  from  Marshall,  Tex.,  via  Shreveport,  La.,  to  Atlanta, 
Tex.,  and  are  given  on  the  United  States  standard  datum. 
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MANSFIELD   QUADRANGLE    DE   SOTO   (PARISH). 

Geographic  positwns  along  Texas  and  Pacific  Railway  near  Greenwood, 


station. 


Latitude. 


Longitude. 


Louisiana-Texas  State  line,  road  north  and  south 32 

Road  crossing i      32 

Road  crossing i      32 

Cattle  guard I     32 

Greenwood,  30  feet  east  of  station,  road  crossing 32 

Greenwood,  600  feet  east  of  station,  in  concrete  abutment.  Coast  and 

Geodetic  Survey  t)ench-mark  tablet 

Greenwood,  0. 25  mile  east  of,  36  feet  south  of  track,  east  side  of  cattle 

guard ,  iron  post : 

Road  crossing 

Missouri,  Kansas  and  Texas  Rwy.  crossing 


22.6 
55.9 
25.6 
10.2 
56.0 


32  26  54.9 


53.4 
53.1 


94  02  33.2 

94  01  36.7 

94  00  30. 1 

93  59  06.0 

93  58  24.7 

93  58  18.2 

93  58  11.4 

93  57  13.2 

93  56  16.4 


Geographic  positions  along  Missouri ^  Kansas  and  Texas  Railway  between  Floumey  and 

Jewella. 


Station. 


Latitude. 


32    26    52.2 


Floumey  tiag  station,  road  crossing 

Cattle  guard,  38  feet  south  of  track,  iron  post  stamped  "  Prim.  Trav. 

su.  No.  117" : 

Road  crossing 

ig  station,  road  crossing !      32    28    19.5 


32    27    01.0 
32    27    26.8 


Jewella  flag 
"Ihreveporf, 

^ttle  guard  _  ..     __  

sUmped  "Prim.  Trav.  Sta.  No.  153" 32    29    57.5 


Shreveport,  near  Kansas  City  Southern  Rwy.  crossing 32    29    34.9 

Cattleguard,  Kansas  City  Southern  Rwy.,  40  leet  east  of  track,  iron  post  | 


Longitude. 


93  54  04.8 

93  52  30.2' 

93  50  33.2 

93  47  47.6 

93  45  36.2 

93  47  16.6 


SHREVEPORT   QUADRANGLE    (BOSSIER   AND  CADDO   PARISHES). 

Geographic  positions  along  Kansas  City  Southern  Railway,  Shreveport  to  Bloomsburg. 


Station. 


Road  crossing 

Milepost  552,  road  crossing 

Milepost550 

Milepost  649,  road  crossing  500  feet  north  of , 

Blanchard,  1,900  feet  north  of,  35  feet  west  of  track,  at  south  side  of 

wagon  road  crossing,  iron  post  stamped  "  Prim.  Trav.  Sta.  No.  184", 

Roadcrossing 

Milepost  544,  road  crossing 

Milepost  542 

Thirty-six  feet  east  of  track,  340  feet  north  of  road  crossing,  iron  post 

stamped  "Prim.  Trav,  Sta.  No.  213" 

Mooringsport,  100  feet  north  of  station,  road  crossing 

Caddo  flAg  station,  road  crossing,  30  feet  west  of  track,  south  of  road, 

iron  post  stamped  "  Prim.  Trav.  Sta.  No.  234  " 

Ananias  flag  station,  road  crossing 

Milepost  632. 

Milepost  630 

Road  crossing 

Vivian  station.  500  feet  south  of,  road  crossing,  30  feet  west  of  track,  on 

east  side  of  wagon  road,  iron  post  stamped  "  Prim.  Trav.  Sta.  No. 

250"   .   . 

Milepost  824J!!111*11"'111!!1!!!!!!!1!" !!!!!!!!!!!!!!!!"!!!!! !!!!!!!! 

Myrtlstown,  32  feet  west  of  track,  8  feet  south  of  milepost  523,  iron  post 
stamped  "  Prim.  Trav.  Sta.  No.  273  " 


Latitude. 

Longitude. 

o 

, 

„ 

° 

, 

„ 

32 
32 
32 
32 

31 
32 
33 
34 

22.6 
35.5 
46.3 
24.5 

93 
93 
93 
93 

49 
50 
52 
52 

04.8 
43.8 
11.8 
50.4 

32 
32 
32 
32 

35 
37 
38 
39 

12.4 
04.0 
05.4 
21.4 

93 
93 
93 
93 

53 
54 
55 
56 

43.1 
46.2 
32.3 
54.6 

32 
32 

40 

41 

39.3 
37.7 

93 
93 

57 
57 

15.2 
27.6 

32 
32 
32 
32 
32 

4.5 
44 
47 
49 
51 

28.9 
40.1 
52.5 
37.1 
40.5 

93 
93 
93 
93 
93 

58 
58 
58 
58 
59 

25.8 
14.7 
46.3 
61.8 
09.1 

32 
32 

52 
54 

15.4 
38.9 

93 
93 

59 

58 

07.4 
50.3 

32 

55 

23.4 

93 

59 

23.1 
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PRIMARY    TRIANGITLATION    AND    PRIMARY    TRAVERSE. 


MICHIGAN. 

PRIMARY    TRAVERSE. 

LIVINGSTON   COUNTY. 
HOWELL  aUADBAHOLE. 

The  line  begins  at  an  adjusted  position  near  the  northwest  comer 
of  the  Milford  quadrangle,  follows  highways  west  and  south  lear  the 
borders  of  the  quadrangle,  and  is  tied  to  the  end  of  a  spur  line  at 
Anderson  run  in  1901  by  Mr.  G.  T.  Hawkins. 

Geographic  positions  along  highways. 


Station. 


T.  4N.,  R.  6  E.,  corner  sees.  19,  20. 29,  and  30,  crossroads 

T.  4  N.,  R.  6  E.,  west  comer  sees.  19  and  30 

T.  4  N.,  R.  5  E.,  east  comer  sees.  24  and  25 

T.  4  N.,  R.  5  E.,  comer  sees.  23,  24,  25,  and  26,  crossroads 

T.  4  N.,  R.  5  E.,  comer  sees.  22,  23,  26,  and  27,  T  road  east 

T.  4  N.,  R.  5  E.,eomer8ecs.  21,22,  27,  and  28,  crossroads 

T.  4  N.,  R.  5  E.,  corner  sees.  21, 22, 27,  and  28, 20  feet  southwest  of;  Iron 

post  stamped  '*  Prim.  Trav.  Sta.  No.  16, 1905,  Mich. " 

Sctioolhouse,  four  comers 

T.  4  N.,  Rs.  4  and  5  E.,  comer  sees.  19,  30,  25,  and  24 

Railroad,  T  road  east  0.25  mile  west  of 

Cemetery,  crossroads  0.25  mile  west  of 

Autciiff  (E.  D.),  house,  140  feet  west  of ;  on  west  side  north-south  road; 

iron  post  stamped '* Prim.  Trav.  Sta,.  No.  17, 1905,  Mich." 

T.  4  N.,  R.  4  E.,  comer  sees.  28,  29,  32,  and  33,  crossroads 

T.  4  N.,  R.  4  E.,  south  comer  sees.  32  and  33,  T  road  north 

T.  3  N.,  R.  4  E.,  quarter  comer  between  sees.  Sand  9,  crossroads 

T.  3  N.,  R.  4  E.,  comer  sees.  16,  17,  20,  and  21,  crossroads 

T.  3  N.,  R.  4  E.,  quarter  corner  between  sees.  28  and  29,  crossroads. . .. 
Comer  sees.  4, 5, 32,  and  33, 1,025  feet  north  of,  east  side  of  north-south 

road,  large  oak  across  road  bears  S.  80*  W.,  distant  46  feet;  iron  post 

stamped  "Prim.  Trav.  Sta.  No.  18,  1905,  Mich" 

Tps.  2  and  3  N.,  R.  4  E.,  comer  sees.  4,  5,  32,  and  33,  crossroads 

T  road  north,  large  house  100  feet  northwest,  large  bam  150  feet  north- 


Latitude. 


42  43 

42  43 

42  43 

42  43 

42  43 

42  43 

42  43 

42  43 

42  43 

42  43 

42  42 


17.9 
15.6 
15.2 
13.0 
10.5 
08.2 

05.5 
03.9 
00.5 
10.8 
30.0 


east  . 


T.  2  N.,  R.  4  E.,  quarter  comer  between  sees.  6  and  7,  T  road  south. . , 

T.  2  N.,  R.  4  E.,  quarter  comer  between  sees.  7  and  18,  T  road  east 

Church  and  store,  crossroads 

T  road  east 

Tps.  1  and  2  N.,  R.  4  E.,  quarter  comer  between  sees.  6  and  31,  cross- 


roads . 


Quarter  comer  between  sees.  6  and  7,  T  road  east  at,  40  feet  southeast 
of,  on  east  side  of  north-south  road;  iron  post  stamped  "  Prim.  Trav. 

Sta.  No.  19,  1905,  Mich." 

T.  1  N.,  R.  4  E.,  quarter  comer  between  sees.  7  and  18,  crossroads — 
Anderson  station 


Longitudr. 


83  46  «.3 

83  48  (#15 

83  48  015 

&  49  IK^ 

83  50  3- § 

S3  51  « 6 

83  52  51-4 

83  54  Ce.« 

S3  55  0*i^ 

83  56  .>5-: 

83  &»  Oi'. 


42 

42 

14.7 

83 

S» 

49^ 

42 

42 

02.2 

83 

59 

«.8 

42 

41 

09.6 

83 

59 

«-4 

42 

39 

55.2 

83 

o9 

41  ( 

42 

38 

35.7 

S3 

59 

3!^« 

42 

37 

17.5 

83 

59 

36.7 

42 

36 

09.0 

83 

59 

34.? 

42 

35 

58.9 

83 

59 

34.7 

42 

35 

21.9 

»4 

00 

22.1 

42 

34 

56.2 

84 

01 

1X4 

42 

34 

03.7 

84 

01 

OBLO 

42 

32 

45.7 

84 

01 

2L4 

42 

32 

06.9 

84 

01 

o:.« 

42 

30 

36.3 

S4 

01 

08.7 

42 

29 

46.9 

84 

01 

M« 

42 

28 

54.5 

8* 

01 

00-4 

42 

28 

02.6 

84 

00 

*)l2 

LAPEER,    MACOMB,    AND   OAKLAND    CX>l^TIES. 
LEOKARS  aUASRAKOLE. 

This  line  starts  from  an  adjusted  position  near  the  northwest  comer 
of  the  Rochester  quadrangle  and  follows  highways  north  to  Oxford, 
thence  along  the  Michigan  Central  Railway  to  Hunters  Cre^k,  thence 
east  and  south  along  highways  to  an  adjusted  position  near  the 
northeast  comer  of  the  Rochester  quadrangle. 
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MICHIGAN. 
Geographic  positions  along  highways. 


station. 


T.  4  N.,  R.  10  E.,  quarter  corner  between  sees.  14  and  23,  crossroads 

Orion,  crossroads  1  mile  south  of 

Orion,  crossroads  at  Commercial  Hotel 

Orion,  railway  croning  under  track  1  mile  northwest  of 


Latitude. 


42  45  06.5 

42  46  02.5 

42  47  04.1  , 

42  47  4».6  1 


47 


Longitude. 


I 


83  14  48.7 

83  14  22.3 

83  14  24.0 

83  14  47.8 


Geographic  positions  along  Michigan  Central  Railway,  Oxford  to  Hunters  Creek. 


Station. 


Latitude.      \     Longitude. 


Oxford,  crossing  Michigan  Central  Rwy.  and  Pontiac,  Oxford  and 
Northern  R.  R 

Oxford,  railway  crossing  1.25  miles  north  of 

Thomas,  0.75  mile  south  of,  railway  crossing  east  and  west 

Thomas,  0.25  mile  north  of,  railway  crossing  east  and  west,  on  county 
line 

Thomas,  0.25  mile  north  of,  on  west  edge  of  railway  ris^t  of  way,  north 
side  of  east-west  road;  iron  post  stamped  '*Prim.  Trav.  Sta.  No.  6, 
1906,  Mich." 

Milepost  59,  east- west  road  crossing  800  feet  south  of 

Milepost  58,  east-west  road  crossing  overhead  800  feet  south  of 

Matamora,  crossing  just  north  of  station 

Matamora,  1  mile  north  of,  east-west  crossing 

Township  line,  east-west  road  crossing  on 

Hunters  Creek,  east-west  road  crossing 


42 

49 

39.4 

83 

15 

49.4 

42 

50 

32.5 

83 

16 

30.1 

42 

52 

07.5 

83 

17 

41.5 

42 

52 

59.6 

83 

17 

51.0 

42 

52 

59.9 

83 

17 

5L4 

42 

54 

43.5 

83 

18 

09.1 

42 

55 

35.1 

83 

18 

03.9 

42 

56 

28.4 

83 

17 

17.4 

42 

57 

21.7 

83 

17 

02.2 

42 

58 

15.3 

83 

17 

07.9 

42 

50 

07.0 

83 

17 

33.4 

Geographic  positions  along  highways  near  north  and  east  borders  of  quadrangle. 


Station. 


T.  7  N.,  R.  10  E.,  comer  sees.  27,  28,  33,  and  34,  T  road  north 

T.  7  N.,  R.  10  E.,  comer  sees.  26,  27,  34,  and  35,  crossroads 

Comer  sees.  26,  27,  34,  and  35,  120  feet  east  and  20  feet  north  of,  north 

side  of  east-west  road,  iron  post  stamped  "  Prim.  Trav.  Sta.  No.  7, 

1905,  Mich." 

T.  7  N.,  R.  10  E.,  comer  sees.  25,  26, 35,  and  36,  crossroads , 

T.  7  N.,  R.  10  E.,  comer  sees.  2.5  and  36,  T  road  west  at  east  comer  of . . 

T.  7N.,  R.  11  E.,  comer  sets.  28,  29.  32,  and  33,  three  comers 

T.  7  N.,  R.  11  E.,  comer  sees.  27,  28,  33,  and  34,  T  road  east 

T.  7  N.,  R.  11  E.,  comer  sees.  27,  28,  33,  and  34,  875  feet  «ast  of,  on 

south  side  of  east-west  road;  iron  post  stamped  "  Prim.  Trav.  Sta. 

No.  8,  1905,  Mich." 

T.  7  N.,  R.  11  E.,  comer  sees.  26.  27, 34,  and  35,  T  road  east 

T.  7  N.,  R.  11  E.,  comer  sees.  25,  26, 35,  and  36,  crossroads 

T.  7  N.,  R.  12  E.,  west  comer  sees.  30  and  31,  T  road  east 

T.  7  N.,  R.  12  E.,  comer  sees.  29,  30,  31,  and  32 

T.  7  N.,  R.  12  E.,  south  comer  sees.  33  and  34,  crossroads 

T.  7  N.,  R.  12  E.,  south  comer  sees.  33  and  34,  west  side  of  north-south 

road  600  feet  south  of,  50  feet  southeast  of  E.  Harrington's  house; 

iron  post  stamped  **  Prim.  Trav.  Sta.  No.  9,  1905,  Mich." 

T.  6  N.,  R.  12  E.,  comer  sees.  3,  4,  9.  and  10,  crossroads 

T.  6  N.,  R.  12  E.,  comer  sees.  9,  10,  15,  and  16,  crossroads 

T.  6  N.,  R.  12  E.,  corner  sees.  15,  16.  21,  and  22,  crossroads 

T.  6  N.,  R.  12  E.,  comer  sees.  21,  22.  27,  and  28,  crossroads 

T.  6  N..  R.  12  E.,  comer  sees:  27,  28.  33,  and  34,  crossroads 

Tps.  5  and  6  N .,  R.  12  E.,  comer  sees.  3,  4,  33,  and  34,  crossroads 

Almont,  3  miles  south  of.  1,050  feet  south  of  Karl  Schroder's  house,  250 

feet  south  of  fork  to  southeast,  east  side  of  north-south  road:  iron 

post  stamped**  Prim.  Trav,  Sta.  No.  10, 1905,  Mich." 

T.  5  N.,  R.  12  E.,  comer  sees.  3,  4,  9,  and  10,  crossroads 

T.  5  N.,  R.  12  E.,  comer  sees.  9,  10,  15,  and  16,  crossroads 

T.  5  N.,  R.  12  E.,  comer  sees.  15,  16,  21,  and  22,  T  road  north 

T.  5  N.,  R.  12  E.,  comer  sees.  27,  28.  33,  and  34,  crossroads 

T.  5N.,  R.  12  E.,  south  comer  sees.  33  and  34,  T  road  north 

T  4  N..  R.  12  E.,  north  comer  sees.  3  and  4,  T  road  south 

T.  4  N.,  R.  12  E.,  comer  sees.  3,  4, 9,  and  10,  crossroads 

T.  4  N.,  R.  12  E.,  comer  sees.  9, 10, 15,  and  16,  crossroads '.  — 

T.  4  N.,  R.  12  E.,  comer  sees.  15, 16,  21.  and  22,  crossroads 
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Longitude. 
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PRIMARY    TRIANGULATION    AND    PRIMARY    TRAVERSE. 


LIVINGSTON    AND   OAKLAND   CX>UNTIES. 
KILFO&D  anASKAKOLE. 

This  line  starts  from  an  adjusted  position  at  New  Hudson,  follows 
highways  west,  north,  and  east  near  the  borders  of  the  quadrangle, 
and  is  tied  to  an  adjusted  position  near  the  northwest  comer  of  the 
Pontiac  quadrangle. 

Geographic  positions  along  highways. 


Station. 


New  Hudson  station 

County  line,  road  south  J  mile  east  of 

Countv  line,  north  road  on 

Churcn,  crossroads 

Tps.  1  and  2  N.,  R.  6  E.,  quarter  corner  sees.  3  and  34 

T.  2  N.,  R.  6  E.,  quarter  corner  between  sees.  27  and  34,  three  comers 

T.  2N.,  R.6  E.,  comer  sees.  21,22,  27,  and  28,  crossroads 

T.  2N.,  R.  6  E.,  comer  sees.  20,  21,  28,  and  29,  T  road  east 

Sohoolhouse,  five  comers 

East  side  of  north-south  road,  Mr.  Bueck's  bouse  bears  northwest, 
distant  250  feet,  and  his  bam  bears  northeast,  distant  100  feet;  iron 
post  stamped  ' '  Prim.  Trav.  Sta.  No.  13, 1905,   Mich." 

Scnoolhouse,  T  road  west 

Hartiand,  crossroads  1.5  miles  south  of 

Hartland,  T  road  east  at  hotel 

T.  3  N.,  R.6  E.,  comer  sees.  4,5,  8,  and  9,  crossroads 

T.  4  N.,  R.6  E.,  south  comer  sees.  32  and  33,  T  road  north 

T.  4  N.,  R.6  E.,  comer  sees.  28,  29,  32,  and  33.  crossroads 

T.  4  N.,  R.6  E.,  comer  sees.  20, 21,  28,  and  29,  crossroads 

T.  4  N.,  R.6  E.,  corner  sees.  16, 17,20,  and  21,  crossroads , 

T.  4  N.,  R.  6  E.,  corner  sees.  16, 17,  20,  and  21, 300  feet  cast  of .  on  south 
side  of  east-west  road;  iron  post  stamped  **  Prim.  Trav.  Sta.  No.  14, 
1905,  Mich." 

T.  4N  ,  R.6  E.,  comer  sees.  15,  16,21,  and  22,  crossroads , 

T.  4  N.,  R.6  E.,  comer  sees.  14, 15,22,  and  23,  crossroads 

T.  4N.,  R.6  E.,  comer  sees.  13, 14,  23.  and  24,  T  road  west , 

T  4  N.,  R.  6  E.,  quarter  comer  between  sees.  13  and  14,  T  road  east.., 

County  lino,  crossroads 

County  line,  crossroads  1  mile  east  of 

On  south  side  of  road  1  foot  north  of  cemetery  fence  and  30  feet  east  of 
cemetery  gate;  iron  post  stamped  ''Prim.  Trav  Sta.  No.  15,  1905, 
Mich." 

Rose  Center,  railway  crossing  north  of  station 

T.  4  N.,  R.  7  E.,  quarter  comer  between  sees.  14  and  23,  T  road  south 

T,  4  N.,  R.  7  E.,  quarter  corner  between  sees.  13  and  24,  crossroads. . ., 

T.  4  N.,  R.  7  E.,  east  sixteenth  comer  sees.  13  and  24 , 

T.  4N.,  R.  8  E.,  center  sec.  20,  T  road  north 
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OAKLAND    CX>UNTY. 
PONTIAC  aUASRAHOLE. 


The  following  geographic  positions  were  determined  by  primary 
traverse  in  1905  by  George  T.  Hawkins,  topographer.  The  line  starts 
from  a  point  near  the  northeast  comer  of  the  quadrangle,  follows  high- 
ways west  and  south,  and  connects  with  an  adjusted  position  on  a 
line  determined  by  J.  R.  Ellis  in  1903. 
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station. 


Latitude. 


Longitude. 


T  road  west 

T.  4  N.,  R.  10  E.,  near  center  sec.  27,  road  south 

T.  4  N.,  R.  10  E.,  near  northwest  comer  sec.  28,  T  road  south 

T.  4  N.,  R.  10  E.,  near  northwest  comer  sec.  29,  T  road  east;  sign '  *  Orion 
7  miles" 

T.  4  N.,  R.  10  E.,  quartercomer  west  side  sec.  30,  elbow  north  and  west. 

T.  4  N.,  R.  9  E.,  comer  sees.  25, 26, 36,  and  36,  crossroads 

T.  4N.,  R.  9E.,coraerBecs.26,27,  34,  and35 

T.  4  N.,  R.  9  E.,  comer  sees.  27, 28,  33,  and  34 

Junction  of  east-west  road  with  northwest-southeast  pi  ice 

T  road  south 

T.  4  N.,  R.  8  E.,  comer  sees.  22, 23. 26,and  27,  T  road  north 

T.4  N.,R.8  E.,comer  sees.  21,  22, 27,  and  28,0.25  mile  west  of, on  west 
side  of  north-south  road,  40  feet  north  of  T  road  east,  200  feet  south 
of  elbow  west  and  south,  0.25  mile  west  of  W.  E.  Neal's  house  and 
same  distance  west  of  C.  F.  Cross's  houes,  1  mile  west  of  Anderson- 
vllle,  Iron  post  stamped  "Prim.  Trav.  Sta.  No.  11, 1906" 

Tps.  3  and  4  N.,  R.  8  £..  between  sees.  4  and  33,  T  road  north 

Crossroads  north,  southwest,  and  southeast 

T.  3  N.,  R.  8  E.,  In  sec.  16,  four  comers 

T.  3  N.,  R.  8  E.,  T  road  north  on  south  side  of  sec.  22 

T.  3  N..  R.  8  E..  quarter  comer  between  sees.  27  and  34,  crossroads 

T.  3  N..  R.  8  E.,  quarter  comer  south  side  sec.  34,  T  road  north 

Bradley  (J.)  house,  300  feet  southeast  of.  3  feet  from  north-south 
picket  fence;  Iron  post  stamped  "Prim.  Trav.  Sta.  No.  12, 1906" 

T.  2  N..  R.  8  E.,  In  center  sec.  10,  T  road  north,  in  west  part  of  Com- 
merce  

Commerce,  in  east  part  of,  T.  2  N.,  R.  8  E.,  quartercomer  between  sees. 
10  and  11,  at  crossroads 

T.  2  N.,  R.  8  E.,  comer  sees.  14, 15, 22,  and  23,  T  road  north 

T.  2  N..  R.  8  E.,  comer  sees.  22, 23, 26,  and  27,  elbow  east  and  south 

Cemetery,  road  west-south  of 

T.  1  N.,  R.  8  E..  comer  sees.  4,  5.  8.  and  9,  crossroads 

Novl,  crossing  of  Green  River  road  and  north-south  road  2  miles  west  of 
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MACOMB   AND   OAKLAND   COUNTIES. 
R00HX8TEB  aTJAS&AKGLE. 

The  following  geographic  positions  were  determined  by  primary 
traverse  in  1905  by  George  T.  Hawkins,  topographer.  The  line  starts 
from  an  adjusted  position  determined  by  J.  R.  Ellis  in  1903,  follows 
highways  north,  west,  and  south  near  the  borders  of  the  quadrangle, 
and  is  connected  with  a  position  on  the  same  adjusted  line  as  start- 
ing point. 

Geographic  positions  along  highways. 


Station. 


T.  1  N..  R.  12  E.,  comer  sees.  10. 11, 14,  and  15 

T.  1  N.,  R.  12  E.,  comer  sees.  2,  3, 10.  and  11,  crossroads , 

Tpa.  1  and  2  N.,  R.  12  E.,  comer  sees.  2,  3,  34,  and  35 

Tp0. 1  and  2  N.,  R.  12  E.,  comer  sees.  3,  4,  33,  and  34,  crossroads 

T.  2  N.,  R.  12  E.,  comer  sees.  27, 28,  33,  and  34  crossroads 

T.  2  N.,  R.  12  E.,  comer  sees.  21, 22,  27,  and  28  crossroads 

T.  2  N..  R.  12  E.,  comer  sees.  16, 16, 21,  and  22,  T  road  west  at  school- 
bouse 

T.  2  N.,  R.  12  E.,  comer  sees.  9, 10, 15,  and  16,  crossroads 

Utica,  \Jb  miles  south  of,  at  Ansust  Oash's  residence,  on  west  side  of 
north-south  road,  5  feet  from  fence;  iron  post  stamped  *  *  Prim.  Trav. 
Sto.  No.  2. 1906" 

Tps.  2  and  3  N..  R.  12  E.,  comer  sees.  2,  3,  33,  and  34,  T  road  north. . . . 

T.  3  N..  R.  12  E.,  comer  sees.  27, 28,  33,  and  34  crossroads 

T.  3  N.,  R.  12  E.,  corner  sees.  21, 22,  27,  and  28,  crossroads 

T.  3N.,  R.  12  E.,  comer  sees.  15, 16, 21,  and  22,  crossroads 


Latitude. 


42  30  24.6 

42  31  16.7 

42  32  ia3 

42  32  10.9 

42  33  0a4 

42  33  55.9 

42  34  48.4 

42  35  41.2 


42  36  21.2 

42  37  31.8 

42  38  26.3 

42  39  17.4 

42  40  09.5 


Longitude. 


83  00  26.1 

83  00  27.6 

83  00  30.1 

83  01  46.0 

83  01  44.6 

83  01  46.9 


83    01    49.0 
83    01    6L2 


83  01  63.6 

83  01  66.8 

83  01  58.8 

83  02  00.5 

83  02  02.0 
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Oeograpkic  'positions  along  highways — Cootinued. 


Station. 


Latitude. 


LoDgitnde. 


T.  3  N.,  R.  12  E.,  corner  sees.  9,  10, 15,  and  16,  crossroads  at  Disco 

T.  3  N.,  11.  12  E.,  comer  sees.  3,  4,  9,  and  10,  crossroads 

Tps.  3  and  4  N.,  R.  12  E.,  corner  sees.  3,  4,  33,  and  34,  crossroads 

T.  4N.,  R.  12  E.,  comer  sees.  27.  28,  33,  and  34,  T  road  east 

T.  4  N.,  R.  12  E.,  18  feet  southeast  of  southeast  corner  sec.  21,  two  maii 
boxes  at  southeast  comer  of  square,  marked  "  Mary  Keeier  "  and 
"FredG.  Bravnler, "  36  feet  from  bench  mark.  Iron  post  stamped 
"Prim.  Trav.  Sta.  No.  3, 1905" 

T.  4  N.,  R.  12  E..  comer  sees.  20,  21,  28.  and  29 

Mount  Vemoti  crossroads,  T.  4  N.,  R.  12  E.,  quarter  comer  between 
sees.  19  and  30 

T.  4  N.,  R.  11  E.,  quarter  comer  between  sees.  23  and  26,  T  road  south 

T.  4  N.,  R.  11  E.,  comer  sees.  22,  23,  26,  and  27,  crossroads 

T.  4  N.,  R.  1 1  E.,  sees.  22,  23,  26,  and  27,  100  feet  west  and  15  feet  south 
of  comer,  iron  post  stamped  *  *  Prim.  Trav.  Sta.  No.  4.  1905  " 

T.  4  N.,  R.  11  E.,  crossroads  between  sees.  21  and  28 

T.  4  N..  R.  11  E..  corner  sees.  19,  20,  29,  and  30,  crossroads 

T.  4  N.,  Rs.  10  and  11  E..  comer  sees.  19,  30,  24,  and  25,  T  road  east. . . 

T.  4  N.,  R.  10  E..  crossroads  between  sees.  23  and  24 , 

T.  4  N..  R.  10  E.,  in  sec.  23,  660  feet  north  of  T  road  west,  in  front  of 
George  Porritt's  house,  on  west  side  of  north-south  road,  iron  post 
stamped  "Prim.  Trav.  Sta.  No.  5,  1905" 

T  road  west 

T.  4  N.,  R.  10  E.,  quarter  corner  iMtween  sees.  26  and  35,  crossroads. . 

T  road  west 

Schooihouse,  road  east , 

Schoolhouse,  crossroads  0.75  mile  south  and  0.25  mile  west  of 

Large  brick  house,  three  corners 

Brick  schoolhouse,  crossroads 

T.  3  N.,  R.  \0  E.,  comer  sees.  23,  24,  25,  and  26,  T  road  north 

.\uburn,  T  road  south.  1  mile  northeast  of 

T.  3  N.,  Rs.  10  and  11  E.,  comer  sees.  25,  30,  31.  and  36.  crossroads 

Tps.  2  and  3  N..  Rs.  10  and  HE.,  comer  sees.  1. 6. 31,  and  36,  crossroads. 

T.  2  N.,  Rs.  10  and  11  E.,  corner  sees.  1,  6,  7,  and  12.  corssroads 

Birmingham.  4  miles  north  of.  T.  2  N..  Rs.  10  and  11  E.,  comer  sees.  1, 
6, 7,  and  12  boars  N.  3°  SO'  VV..  distant  420  feet;  oak  tree  on  west  side  of 
road  bears  N.  80°  VV.,  distant  55  feet,  on  east  side  of  north-south  road 
iron  post  stamped  "Prim.  Trav.  Sta.  No.  1. 1905" 

T.  2  N.,  Rs.  10  and  11  E.,  corner  sees.  7,  18.  13,  and  12.  T  road  east 

T.  2  N..  Rs.  10  and  11  E..  corner  sees.  13,  18,  19,  and  24.  crossroads 

T.  2  N.,  Rs.  10  and  11  E.,  corner  sees.  24,  25.  19.*and  30.  crossroads 

T.  2  N..  Hs.  10  and  11  B.,  corner  sees.  25,  30.  31.  and  36,  crossroads  0.5 
mile  east  of  Blnningham 

Tps.  1  and  2  N.,  R.  10  E.,  comer  sees.  1.  2.  35,  and  36 

T.  1  N.,  R.  10  E.,  comer  sees.  1,2,  11.  and  12.  crossroads 

T.  1  N.,  R.  10  E.,  comer  sees.  11,12, 13,  and  14 


42 
42 
42 
42 

41 
41 
42 

43 

01.6 
53.8 
48.7 
40.3 

83 

83 
83 
83 

02 
02 
02 
02 

04.3 
05.4 

07.5 
16.2 

42 
42 

44 
44 

33.1  1 
31.6 

83 

83 

02 
03 

12.J 
217 

42 
42 
42 

44 
44 
44 

28.9 
26.3 
25.6 

83 
83 
83 

05 
07 

12.7 
317 

lao 

42  44  25.4 

42  44  23.6 

42  44  20.6 

42  44  19.2 

42  44  33.0 


42  44 

42  44 

42  43 

42  42 

42  41 

42  40 

42  39 

42  38 

42  38 

42  38 

42  38 

42  37 

42  "^ 


ia7 

08.0  ; 
22.1 

30.8' 
23.0  I 

41.2 ; 

38.4 

56.5  I 

57.6  I 

47.5 
01.4  ' 
14.4  I 
16.8 


42  36  12.4  I 

42  35  2.^4 

42  34  32.0 

42  33  37.5 

42  32  47.9 

42  31  52.0 

42  31  00.5 

42  30  07.8  , 


83  OS  11.2 

83  09  41  S 

83  11  49  2 

83  12  514 

83  14  07.5 


45.4 

3^.1 


83  14  43.2 

83  14  41.5 

83  14  312 

83  14  33.0 

83  14  29l0 

83  14  46.1 

83  14  52.6 

83  14  312 

83  13 

83  12 

83  12  3&e 

83  12  23.5 

83  12  aas 


S3  12  3X5 

83  12  2IC6 

83  12  26.1 

83  12  23.6 

83  12  21-2 

83  13  fii.5 

83  13  212 

83  13  21.4 


MISSISSIPPI. 

PRIMARY   TRAVERSE. 


COPIAH,   HINDS,   MADISON,   RANKIN,   SIMPSON,   AND  WARREN  COrNTFES. 

BRANDON,   EDWARDS,   FLORENCE,   JACKSON,    RAYMOND,    TERRY,   AND   YIGSSBURO  aUAD- 

RANQLES. 

The  following  geographic  positions  were  determined  from  primary 
traverse  by  J.  R.  Ellis  in  1902  and  1903.  The  line  between  Vieks- 
burg  and  Jackson  was  run  and  duplicated,  giving  a  checked  value  for 
Jackson  which  was  based  on  United  States  Mississippi  River  Commis- 
sion triangulation  station  Trinity  Church  spire,  as  given  on  page  2805 
in  the  report  of  the  Chief  of  Engineers,  United  States  Army,  1887, 
This  line  follows  the  Alabama  and  Vicksburg  Railway.  A  spur  line 
was  run  northward  from  Jackson  along  the  Yazoo  and  Missi^ippi 
Valley  Railroad  to  Pocahontas.  A  spur  line  was  also  nin  southward 
from  Jackson,  following  the  Illinois  Central  Railroad  to  the  line 
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between  Hinds  and  Copiah  counties.  Another  line  was  run  eastward 
from  Jackson  along  the  Alabama  and  Vicksburg  Railway  to  the  range 
line  between  Rs.  3  and  4  E. 

In  1905  C.  B.  Kendall;  field  assistant,  extended  lines  around  the 
borders  of  the  Florence,  Jackson,  "Raymond,  and  Terry  15'  quad- 
rangles, starting  at  Pocahontas,  tying  to  the  positions  at  Bolton, 
county-line  post  near  Crystal  Springs  and  Brandon,  and  closing  at 
Pocahontas. 

BRANDON   QUADRANGLE    (rANKIN   COUNTY). 

Geographic  positions  along  Alabama  and  Vicksburg  Railway  from  Brandon  station  to 
r.  5  N.,  Rs.  3  and  4  E,,  sees.  7  and  12. 


Station. 

Latitude. 

Longitude. 

Road  crossing  north  and  south 

Of// 

32    17    28.6 

o          /            // 

89    58    30  3 

T.  5  N.,  Rs.  3  and  4  E.,  quarter  comer  between  sees.  7  and  12 

32    17    25.4 

89    56    15  4 

Geographic  positions  along  highways. 


Station. 


Brandon,  1  mile  south  of,  forlcs  of  roads  south  and  southwest,  30  feet 
north  to  double  oak  and  signboard  **  Brandon  1  mile  " 

Brandon,  lour  comers  at  church,  street  crossing 

Brandon,  Ranlcin  County  oourt>house,  set  in  southwest  cornei; of  iron 
piclcet  fence  around,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  12, 
1905" 

Brandon,  at  northwest  edge  of,  public  roads  north  and  west,  30  feet 
southwest  to  telephone  pole.  20  feet  northeast  to  plank  walk 

Brandon,  Alabama  and  Vicksburg  Rwy.,  center  of  main  track  oppo- 
site telegraph  office 

Brandon,  0.5  mile  north  of  station;  three  corners,  public  T  road  to 
northwest.  40  feet  northwest  to  gate,  50  feet  south  to  persimmon  tree 

Brandon,  1.7  miles  north  of  station,  forks  of  roads  north  and  north- 
west, 30  feet  north  to  oak  and  signboard  "  Fanning  8  mi.,"  20  feet 
west  to  oak 

Brandon,  2.6  miles  north  of  station,  forks  of  second-class  roads  to  east 


Latitude. 

o 

, 

„ 

32 
32 

15 
16 

27.1 
06.9 

32 

16 

22.5 

32 

16 

35.9 

32 

17 

08.0 

32 

17 

37.9 

32 
32 

18 
19 

31.2 
07.4 

Longitude. 


89 


89 


59    23.1 
59    22.8 


50  13.6 

50  37.6 

59  44.4 

50  51.6 


59    28.6 
50    56.7 


EDWARDS   QUADRANGLE    ( WARREN   COUNTY). 

Geographic  positions  along  Alabama  and  Vicksburg  Railway  from  Bovina  station  east- 
ward. 


Station. 


Bovina  station 

Road  crossing  east  and  west 

T.  6  N.,  R.  5  W.,  comer  sees.  22,  23,  26,  and  27 

Smith  station T 

Road  crossing  north  and  south 

Road  crossing  north  and  south 

Edwards,  Main  street,  crossing  of 

Road  crossing  northwest  and  southeast 

T.  6  N.,  Rs.  4  and  3  W.,  comer  sees.  19,  24,  2.i.  and  30 

T.  6  N.,  R.  3  W.,  quarter  comer  t)etween  sees.  2U  and  21 . 


Latitude. 

Longitude. 

32 

21    04.2 

90 

44    06.5 

32 

20    42.3 

00 

42    52.0 

32 

20    31.7 

90 

41    23  3 

32 

20    21.1 

90 

40    24.9 

32 

20    07.3 

90 

39    19.7 

32 

19    M.6 

90 

38    06.3 

:« 

19    46.3 

90 

36    21.7 

32 

19    55.1 

90 

34    58.2 

32 

20    29.0 

90 

33    22.1 

32 

•20    56./ 

90 

31     11.3 

Bull.  310—07- 
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FLORENCE   QUADRANGLE    (HINDS,    RANKIN,    AND   SIMPSON   COUNTtBS). 

Geographic  posiHona  along  highways. 


Station. 


Latitude. 


Longitude. 


Mohaffeys  Ferry,  Pearl  River,  350  feet  west  of,  three  comers,  public  T 
road  to  south.  30  feet  south  to  gate 

Pearl  post-office,  0.25  mile  south  of,  at  Junction  of  Georgetown-Jackson 
and  Pearl-Crystal  Springs  roads,  at  northeast  comer  of  store  of  Bar- 
ron &  Co.,  iron  post  stamped  "  Prim.  Trav.  Sta.  No.  8. 1905" 

Pearl  post-office,  1  mile  southeast  of,  forks  of  roads  south  and  east,  25 
feet  north  to  oak  and  signboard  * '  Hairlsville  7  miles,"  30  feet  west  to 


oak. 


Top  of  low  hill,  forks  of  second-class  road  to  northeast,  10  feet  north  to 
pine,  10  feet  south  to  two  pines 

JForks  in  small  hollow,  second-class  road  to  northwest,  10  feet  south- 
east to  pine,  30  feet  southwest  to  oak 

liarrisville,  3.2  miles  northwest  of,  at  east  edge  of  pine  forest,  four 
comers,  25  feet  south  to  comer  of  front-yard  fence,  15  feet  north  to 
pine  stump 

liarrisville,  2  miles  northwest  of,  at  junction  of  Harrisville-Barrows 
Ferry  and  Harrisville-Mohaffeys  Ferry  roads,  near  southeast  comer 
sec.  29,  T.  2  N.,  II.  2  E.,  in  angle  at  junction  of  roads,  iron  post 
stamped  "Prim.  Trav.  Sta.  No. 9, 1905" 

Harrisvillo,  1.25  miles  north  of,  four  comers,  public  roads,  30  feet  south 
to  oak  stump,  30  feet  west  to  oak 

Four  comers,  public  crossroads,  40  feet  north  to  dead  pine,  10  feet 
southwest  to  dead  pine 

Big  Creek,  0.6  mile  west  of,  four  corners,  pubUc  crossroads,  30  feet 
northwest  to  signboard  "Bra.xton  6.5  mues,"  15  feet  southeast  to 
comer  rail  fence 

Big  Creek,  1,140  feet  west  of,  on  north  edge  of  road,  stake,  T.  2  N.,  R.  2 
K.,  comer  sees.  23,  24.  25,  and  26 


31  59  44.5 

32  00  05.1 

31  59  46.8 

31  59  50.6 

31  59  34.9 

31  59  30.S 


Touchstone  post-office,  store  of  L.  M.  Kelly,  1,500  feet  south  of,  T.  2  N., 

Rs.  2  and  3  E.,  comer  sees.  13, 18,  19,  and  24,  at  southwest  comer  of  ' 

store,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  10,  1905" ' 

Touchstone  post-office,  1,500  feet  north  of,  T.  2  N.,  Rs.  2  and  3  E.,  ' 

comer  sees.  13, 18,  19,  and  24 

Touchstone  post-offlce.  1  mile  north  of,  four  comers  second-class  east-  , 

west  crossroads,  10  feet  southwest  to  comer  of  wire  fence,  35  feet 

northeast  to  black  gum 

Big  Creek,  center  of  bridge  over 

Rexford,  1  mile  southeast  of,  forks  of  roads  north  and  northeast,  15 

feet  south  to  oak,  15  feet  west  to  oak 

Rexford,  1.25  miles  northeast  of,  Tps.  2  and  3  N.,  R.  2  E.,  sees.  1,  2,  3.% 

and  36,  one-sixteenth  comer  east  of  Rankin-Simpson  county  line  . . . 
Star,  2  miles  southwest  of,  forks  of  roads  south  and  west  to  pine,  50 

feet  east  to  pine 

Star,  1  mile  southwest  of,  at  top  of  hill,  tliroe  comers, >8econd-cla88  T 

road  to  west,  20  feet  west  to  gat«,  10  feet  northeast  to  comer  of  old 

house 


Star  station,  700  feet  west  of,  road  crossing,  center  of  main  track  Gulf 

and  Ship  Island  R.  R 

T.  3  N.,  Rs.  2  and  3  E.,  sees.  7, 12, 13,  and  18,  comer  of,  1.6  miles  north  of 

Star,  second-class  T  road  to  east 

T.  3  N .,  R.  3  E.,  sec.  6,  southwest  comer  of;  2.25  miles  north  of  Star,  2.7 

miles  south  of  Thomasville,  in  northwest  comer  of  intersection  of 

crossroads,  iron  post  stamped  *'  Prim.  Trav.  Sta.  No.  11, 1905'' 

Thomasville,  1.7  miles  south  of,  four  comers,  second-class  crosaroads, 

10  feet  north  to  comer  post  of  fence 

Thomasville,  0.25  mile  west  of,  at  old  store,  four  comers,  crossroads,  40 

feet  northwest  to  comer  of  old  store,  40  feet  northeast  to  oak 

Pat  post-office,  0.25  mile  nortlieast  of,  four  comers,  35  feet  west  to 

pine,  40  feet  east  to  double  pine 

Turn  balls  Creek,  east  prong,  center  of  bridge  over 

Tumballs  Creole,  1.9  miles  northeast  of  three  comers,  public  T  road  to 

east,  40  feet  south  to  oak,  50  feet  east  to  oak 

Brandon.  3  miles  south  of,  three  comers,  T  road  to  northwest,  30  feet 

west  to  comer  of  wire  fence,  60  feet  northeast  to  dead  oak 


90  13  n: 

90  11  MA 

90  11  3(X- 

flO  10  3D-3 

90  08  4iJ 

90  07  33-^ 

90  06  41.3 

90  06  43.: 

90  04  31.^ 

31  59  26.9  I    90  03  5L( 

31  59  24.7     90  OB  rj 


31 

58 

47.9 

31 

59 

10.4 

31 

59 

32.7 

32  00  03.5 

32  00  18.1 

32  00  58.2 

32  01  34.1 

32  02  05.0 

32  02  55.5 

32  04  00.4 

32  04  47.2 

32  05  34.9 

32  06  26.1 

32  07  25.8  , 

32  08  03.1 

32  09  26.9 

32  10  41.0 

32  11  15.3 

32  12  38.4 

32  13  55.6 


90  02  217 

90  02  211 

90  02  .tl.« 

90  03  06.1 

90  03  19.T 

90  03  06.4 

90  OS  i:.: 

90  03  OT-S 

90  02  47.2 

90  02  19.1 

90  02  OS.  § 

90  01  3S.0 

90  01  10.4 

90  00  36  ( 

90  00  02.3 

89  59  lU 

89  59  K« 


Geographic  positions  along  Illinois  Central  Railroad  between  Pearl  and  Byram. 


Station. 


Latitude. 


Longitode. 


Road  crossing  east  and  west 32  14  51.6  |  90  12  3M 

Pearl,  road  crossing  east  and  west '  32  13  12.2  1  90  13  12.2 

Road  crossing  east  and  west 1  32  11  45.3'  90  13  47.5 

Bvram  station '  32  10  44.7  90  14  41.4 
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Geographic  posilions  along  Alabama  and  Vicksburg  Railway  from  Pearson  eastward. 
Station.  Latitude.      >     Longitude. 


Pearson,  road  crossing 

Road  crossing  north  and  south 

Road  crossing  north  and  south 

Road  crossing  north  and  south 

Greenfield,  road  crossing  east  and  went 


o 

/ 

,/ 

32 

14 

48.8 

32 

14 

33.1 

32 

14 

06.0 

32 

14 

09.5 

32 

14 

63.9 

90  07  56.4 

90  06  47.4 

90  05  33.1 

90  Oi  22.5 

90  03  13.7 


JACKSON    QUADRANGLE    (HINDS,  MADISON,  AND   RANKIN    COUNTIES.) 

Geographic  posxlxons  along  highways. 


Station. 


Latitude. 


Union  Church,  2.1  miles  south  of  .forks  of  second-class  road  to  south,        °     ' 
35  feet  west  to  oak.  40  feet  south  to  oak 32    20    03L4 

Union  Church,  1.4  mile  -  south  of,  forks  of  roads  north  and  northwest 
30  feet  northwest  to  double  oak,  40  feet  northeast  to  oak 32    20    47. 6 

Lucknow,  1.5  miies  east  of.  Union  Church,  at  southeast  comer  of,  300 
feet  northwest  of  four  comers,  iron  post  stamped  *'  Prim.  Trav.  , 
Sta.  No.  13.  1905" 32    21    5a5 

Union  Church,  0.7  mile  north  of,  forks,  second-class  road  to  e;:  st 32    22    3a  1 

Union  Church,  2.1  miles  north  of,  four  comers  public  crossroads,  50 
feet  southwest  to  oak  and  signboard  "Jackson  12.25  mi.,"  15  feet 
west  to  oak  stump 32    23    14.2 

Pelaha tehee  Creek,  center  of  iron  bridge  over 32    23    5&  1 

Pelahatchee  Creek,  1.5  miles  north  of,  T.  7  N.,  R.  3  E.,  sees.  31  and  32, 
section  line  Iwtween,  three  comers,  T  road  to  north 32    24    25t  4 

T.  7N.,  R.  3E.,comerof  sees.  29,  30,  31,and32 32    24    4a8 

Jotmsons  Ferry,  3.2  miles  east  of,  four  comers,  crossroads,  T.  7  N.,  ' 
R.  3  E.,  quarter  comer  between  sees.  29  and  3Q,  40  feet  northeast  to 
oak  pointer  with  +  carved,  30  feet  northwest  to  oak  pointer  with 
square  (  1)  carved |      32    26    15.0 

Johnsons  Ferry,  2  miles  east  of,  forks  of  roads  west  and  north,  10  feet  ' 
north  to  oak,  30  feet  southwest  to  live  oak 32    25    3a  5 

Johnsons  Ferry,  0.5  mile  east  of,  forks  of  road  east  and  south  of  log 
pen,  30  feet  northeast  to  oak,  25  feet  west  to  pine ." 32    25    42.6 

Peari  River,  Johnsons  Ferry,  top  of  1)ank  at  east  landing  of 32    25    4a  5 

Jolmsons  Ferry,  1.1  miles  west  of.  three  comers.  T  road  to  east,  12  feet 
west  to  double  oak,  40 feet  northeast  to  telephone  pole 32    26    04.3 

Madison  station.  2  miles  southeast  of,  three  comers,  T  road  to  west, 
30  feet  northeast  to  oak.  30  feet  southeast  to  hickory 32    26    46t9 

Madison  station,  1.5  miles  east  of.  in  southwest  comer  of  intersection 
of  crossroads,  iron  post  stamped  "  Prim.  Trav.  Sta.  No.  14. 1S05" . . .       32    27    52. 2 

Madison  station,  0.5  mile  northeast  of,  three  comers,  T  road  to  north  , 
10  feet  north  to  small  bridge,  12  feet  southwest  to  telephone  pole 32    27    62. 7 

Madison  station,  200  feet  south  of.  road  crossing,  center  cf  main  track  I 

lUinois  Central  R.  R 32    27    4a3 

Madison  station,  1.7  miies  west  of,  forks  of  road  west  and  southwest,  | 
30  feet  northeast  to  two  sweet  gums,  70  feet  southwest  to  telephone 
pole 32    28    laS 

Madison  station,  2.25  miles  west  of,  forks  of  roads  west  and  north- 
west, 40  feet  northwest  to  telephone  pole,  and  signboard  "  Madison  I 
station  2  mi.,"  30  feet  northeast  to  oak I      32    28    41.8 

Small  stream,  center  of  bridge  over 32    28    4&5 

China  Grove  Church,  400  foot  southeast  of,  at  junction  of  Jackson- 
Canton  and  lifadison  Station- Pocahontas  roads,  set  in  sandstone 
slab  at  north  edge  of  road,  aluminum  tablet  stamped  "  Elevation 
415.  Prim.  Trav.  Sta.  No.  15,  1905" 32    28    60.8 

China  Grove  Church,  1.4  miles  west  cf.  at  top  of  hill,  tour  comors, 
second-class  north-south  road,  25  feet  north  to  gate  30  f(  et  south  to 
oak I      32    29    0a6 

Robinsons  Springs,  1.7  miles  east  of,  thn  e  comers,  T  road  to  south, 
second-class  road  to  east 32    29    19.3 

Robinsons  Springs.  0.5  mile  east  of.  at  white  church,  thrre  corners, 
second-class  T  road  to  south,  CO  feet  southeast  to  comer  of  church, 
16  feet  south  to  oak 32    29    39.  5 

Robinsons  Springs,  1.1  miles  west  of,  forks  of  road  at  store,  second-  t 
class  road  to  southwest.  30  feet  northeast  to  comer  of  store,  GO  feet 
southwest  to  comer  of  fence 32    29    4a9 


Longitude. 

o  /  // 

90    00    47.3 
90    01    04  0 


90   01    oa4 
90   01    oa2 


90   02   oa4 
90    02    044 


90    01     17.0 
90    01     16.7 


90  01  ia7 

90  02  37.9 

90  03  32.4 

90  04  09.8 

90  05  12.1 

90  05  22.9 

90  05  30.0 

90  06  24  9 

90  06  66.7 

90  08  25.3 


90    08    41.7 
90    09    44  1 


90  10  35i4 

90  11  52.6 

90  12  35.3 

90  13  37.3 

90  14  m.H 
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Geographic  ponlions  along  Alabama  and  Vicksburg  Railway  near  Jackson. 


Station. 


T.  6  N..  R.  1  E..  corner  sees.  29,  30;  31,  and  32 

Jackson,  north-south  road  crossing  1  mile  northwest  of. 


Latitude. 


Longitudr. 


32    19    37.1  r       90    13    €L3 
32    19    03.9  I        90    12    aaO 


Geographic  positions  along  Illincns  Central  Railroad  near  Jackson. 
Station.  Latitude. 


Longitude. 


Jackson  Btotion 32    18    01.3  90  11  3a6 

Jackson,  crossing  of  Illinois  Central  R.  R.,  and  Alabama  and  Vicks- 
burg Rwy .32    17    54.9  I  90  11  3a0 

T.  5  N.,  R.  1  E..  comer  of  sees.  3,  4,  9,  and  10 32    17    4&2  '  90  11  3a6 

Road  crossing  east  and  west 32    16    143  90  12  26.3 

Geographic  positions  along  Alabama  and  Vicksburg  Railway. 


station. 


Road  crossing  east  and  west 32    16    31.6 

Road  crossing  north  and  south 32    15    33.3 

Rice,  station  board 32    15    SaO 


Latitude. 


Road  crossing  north  and  south 32    16    415 


Longitude. 


90  09  5B.2 

90  09  12.0 

90  02  IS.  7 

90  00  17.9 


Geographic  positions  along   Yazoo  and  Mississippi   Valley  Railroad  in  the  vicinity  of 

Cynthia. 


Station. 


Latitude. 


LongiUK^. 


Road  crossing  east  and  west 32  19  33.9 

Roadcrossingnortheast  and  southwest 32  20  24.3 

T.  6  N.,  R.  IE.,  comer  sees.  16,  17,  20,  and  21 j  32  21  IftS 

Road  crossing  northeast  and  southwest 32  21  sa  9  , 

Road  crossing  north  and  south 32  23  09.8 

Cynthia,  road  crossing i  32  24  03.5 


90  11  1^3 

90  11  541 

90  12  37.4 

90  13  15.5 

90  14  0L4 

90  14  55.2 


RAYMOND   QUADRANGLE    (HINDS   COUNTY). 

Geographic  positions  along  Vazoo  and  Mississippi  Valley  Railroad  from  Greene  (tossing 
to  Hinds-  Madison  county  line. 


station. 


Latitude. 


Longitude. 


Greene  Crossing,  road  east  and  west 32  26 

Road  crossing  east  and  west 32  27 

Ilinds-Madison  county  line,  crossing  of 32  29 

Tps.  7  and  8  N.,  R.  1  \V  ,  comer  sees.  2,  3.  34,  and  35 32  29 


12.5 

90 

16 

oas 

22.3 

90 

16 

46.3 

12.9 

90 

17 

19.0 

las 

90 

16 

413 
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Station. 


Pocahontas  station,  road  crossing  80  feet  north  of,  center  of  mahi 
track  Illinois  Central  R.  R 

Pocahontas.  1.75  miles  west  of,  at  bend  of  main  road  to  north  at  gate, 
second-class  road  forks  to  west 

Pocahontas.  1.75  miles  west  of,  bridge  over  small  stream  800  feet  west 
of,  second-class  T  road  to  south 

Bogue  Chltto  Creek,  1  mile  east  of,  four  comers,  40  feet  west  to  large 
live  oak 

Bogue  Chitto  Creek,  bridge  over,  center  of 

Church,  300  feet  south  ofT  forks  of  road  southeast  and  south,  30  feet 
southwest  to  oak  tree 

Lula  f  hurch,  Hinds-Madison  county  line,  center  of  road  crossing 

Lula  Church,  300  feet  north  of,  in  angle  at  junction  of  Pocahontas- 
county  line  and  VIcksburg-Canton  roads.  Iron  post  stamped  "  Prim. 
Trav.  Sta.  No.  1,1905" 

Lula  Church,  1.4  miles  southwest  of,  at  bend  of  main  road  to  south, 
second-class  T  road  to  west  thru  farm  lot,  40  feet  northeast  to  dead 
Xx^ach  tree,  25  feet  south  to  wire  fence 

Lula  Church,  1.75  miles  west  of,  at  forks  of  public  road  northeast  and 
southwest,  second-class  road  southeast  at  crossing  of  Madison- 
Hinds  county  line,  county-line  tree  on  east  edge  of  road ." 

Lula  Church,  2.75  miles  west  of,  forks  of  road  north,  second-class  road 
northwest,  30  feet  west  to  dead  oak,  50  feet  southeast  to  old  dwelling. 

Brownsville.  1  mile  north  of,  four  comers.  15  feet  south  to  two  old 
gateposts 

Brownsville,  1.75  miles  northwest  of,  foiks  of  road  north  and  north- 
west, GO  feet  west  to  dead  oak  tree,  40  feet  south  to  comer  of  wire 


fence. 


Latitude. 


Longitude. 


32  28  ia3  I 

32  28  25.8  ' 

32  28  47. 4  ! 

32  28  4&2  ' 

32  28  59.7  ; 

32  28  53.5 

32  29  14.7 

32  29  17.6  I 

32  28  3&7 

32  29  14  6 

32  28  5&3 

32  27  5a6 


Hinds-Madison  county-line  comer,  forks  of  road  north  and  west,  90  ] 
feet  northwest  to  large  oak,  30  feet  north  to  sweet-gum  tree 

County-line  comer,  1  mile  west  of,  second-class  T  road  north,  15  feet  i 
nortn  to  lai^  dead  oak,  50  feet  west  to  willow 

Orangeville  post-office.  1  mile  north  of,  T.  7  N.,  R.  3  W..  near  comer 
of  sees.  1,  2,  11,  and  12,  at  junction  Coxs  Ferry-Bolton  roaji  and  T 
road  east,  iron  post  stamped  *'  Prim.  Trav.  Sta.  No.  2, 1905" 

Orangeville  Post-Office,  second-class  T  road  to  east,  20  feet  northeast 
to  large  oak,  60  feet  southwest  to  small  building 

Orangeville,  0.25  mile  east  of,  forks  of  road  south  and  southeast,  30 
feet  west  to  wire  fence 

Orangeville,  1.6  miles  south  of,  at  top  of  hill,  0.25  mile  south  of  small 
stream  crossing,  four  comers,  second-class  crossroads,  30  feet  north 
to  oak  stump 

Coxs  Creek,  center  of  bridge  over 

Brownsville.  3  miles  southwest  of,  ferks  of  road  southwest  and  south- 
east, center  of  triangle  at,  30  feet  south  to  cedar  tree,  50  feet  east  to 
oak  tree 

Three  comers,  T  road  east  at  top  of  hill,  25  feet  west  to  wire  fence,  30 
feet  southwest  to  water  oak 

Bolton,  3.6  miles  north  of,  four  comers,  crossroads,  25  feet  east  to  gate. 

Bolton,  2.5  miles  north  of,  second-class  T  road  southwest,  20  fret  north- 
west to  comer  of  wire  fence. 

Bolton,  2  miles  north  of,  forks  of  roads  north  and  west,  25  feet  south- 
west to  oak  tree  on  bank,  50  feet  northwest  to  oak  tree  on  bank 

Bolton,  at  northeast  corner  of  and  inside  of  foundation  to  city  water 
tower,  iron  post  stamped  **  Prim.  Trav.  Sta.  No.  3,  1905" 

Bolton  station,  center  of  main  track  opposite  telegraph  office 

Bolton,  0.75  mile  south  of,  forks  of  roads  south,  east,  and  west,  60 
feet  east  to  telephone  pole,  80  feet  west  to  telephone  pole 

Bolton,  1.1  miles  south  of,  three  comers,  second-class  T  road  to  west 
10  feet  south  to  bridge.  30  feet  east  to  double  willow 

Bolton,  2.7  miles  south  of,  three  comers,  T  road  to  west,  5  feet  west  to 
center  of  bridge 

Bolton,  3.6  miles  south  of,  forks  of  second-class  road  to  west,  25  feet 
west  to  gate 

Ra3rmond.  1.25  miles  northwest  of,  three  comers,  T  road  to  north,  cen- 
ter of  triangle,  40  feet  northeast  to  large  oak,  50  feet  west  to  oak 

Raymond,  0.75  mile  northwest  of,  three  comers,  T  road  to  northeast, 
30  feet  west  to  front  yard  gate,  20  feet  east  to  fence  comer 

Raymond,  Hinds  County  court-house,  at  southwest  corner  of  iron 
fence  around,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  4,  lil05" 


90  17  1&9 

90  17  44.5 

90  18  3a  8 

90  20  la  2 

90  21  Ul 

90  22  2a5 

90  22  49.6 

90  22  5a6 

90  23  4&5 

90  24  341 

90  25  2&2 

90  26  2L4 


32 

28 

14  2 

90 

26 

49.4 

32 

29 

l&l 

90 

27 

01.1 

32 

29 

15t2 

90 

27 

66.2 

32 

29 

las 

90 

29 

1L7 

32 

28 

3a9 

90 

29 

oa4 

32 

28 

22.0 

90 

28 

51.3 

32 
32 

27 
26 

2a4 
3a9 

90 
90 

29 
29 

05.8 
06.1 

32 

25 

4a5 

90 

29 

0&2 

32 
32 

24 
23 

39.1 

3a7 

90 
90 

29 

28 

06.1 
5a4 

32 

22 

35.1 

90 

28 

347 

32 

22 

12.9 

90 

28 

05.3 

32 
32 

20 
20 

52.8 
5a2 

90 
90 

27 
27 

4L1 
29.1 

32 

20 

07.6 

90 

27 

38.3 

32 

19 

37.5 

90 

27 

33.8 

32 

18 

1&5 

90 

27 

48.2 

32 

17 

36u3 

90 

27 

37.7 

32 

16 

19.5 

90 

20 

23.5 

32 

16 

043 

90 

25 

53.2 

32 

15 

b3.7 

U) 

25 

25.8 
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PRIMARY   TRIANGULATTON    AKD    PRIMARY   TRAVER8E. 


Geographic  positions  along  Ahbama  and  Vicksburg  Railway  between  Bolton  station  and 

Dixon. 


station. 


Soetion  comer  (no  numbers) 

Bolton  station 

Road  crossing  nortli  and  south 

T.  6  N.,  K.  2  NV.,  corner  sees.  16,  16,  21,  and  22 

Stone  culvert,  U  nited  States  Coast  and  Geodetic  Survey  bench  niarlc  on 

T.  6N.,  R.  1  W..  comer  sees.  19,  20.  29,  and  30 

Road  crossing  northeast  and  southwest 

Dixon,  north-south  road  crossing 


Latitude. 

Lon{ 

o 

^tade. 

o         / 

„ 

f       ft 

32    20 

56.  G 

90 

29    07.5 

32    20 

50.2 

tfO 

27    29.1 

32    21 

03  1 

90 

25    43.3 

32    21 

22.9 

90 

23    5!i» 

32    20 

sai 

90 

30    19.9 

32    20 

29.3 

90 

19  sas 

32    20 

02.6 

90 

17    «.3 

32    19 

3a4 

90 

15    12.2 

Geographic  positions  along  highways. 


Stotion. 


Latitude. 


RobinBon  Springs,  1.7  miles  west  of,  forlcs  of  roads  northwest  and  >      <>     /       /^ 
soutn west.  30  feet  southeast  to  old  chinaberry  tree I      32    29    5&  1  i 

Pocahontas,  1.25  miles  northeast  of,  second-class  road  lo  south  at  bend  I 

of  main  road  to  west.  Madison-Uinds  county  hne I      32    29    14.0 

Pocahontas,  1  mile  north  of,  roads  north  and  east,  100  feet  sooth  to  oak, I 
60  feet  northeast  to  telephone  pole '     32    2»»    14.0 

Pocahontas,  at  southwest  corner  of  Pocahontas  Methodist  Churoh, 
iron  post  stamped  "Prim.  Trav.  Sta.  No.  16.  1905" 32    28    26.4  j 

Pocahontas  station,  80  feet  north  of  center  of  main  tracic  Illinois  Cen- 
tral R.  R 


32    28    19.3  I 


Longitude. 


90    16    14.2 
90    16    49.2 


90    17    11.9 
90    17    1&9 


TERRY   QUADRANGLE    (COPIAH    AND   HINDS   COUNTIES). 

Geographic  positions  along  Illinois  Central  Railroad  from  Terry  to  Hinds- Copiah  cxmniy 

line. 


Station. 


Latitude. 


Road  crossing  oa.st  and  west 32  09 

Road  crossing  cast  and  v/est 32  07 

Road  crossing  east  and  west  32  06 

Terry  station 32  05 

Rond  crossing  east  and  west .T2  04 

Road  crossii-.g  east  and  west '  32  m 

Tjps.  2  and  3  N.,  R.  1  W.,  corner  sees.  5,  G,  31.  and  32 32  02 

Iflnds-Copiah  county  line,  crossing  of 32  02 


3a5 
13.8 
03.7 
38.8 
52.5 
02.3 
56.3 
56.9 


Longitude. 


90 
90 
90 
90 
90 
90 
90 
90 


aEL4 

U3 
14.6 
3&0 
21.3 
nR.3 
52.8 
012 


Geographic  positions  along  highways. 


Station. 


Raymond,  1.9  miles  south  of,  three  comers,  second-class  T  road  to 
west,  30  foot  north  to  small  bridge 

Raymond,  2.5  miles  south  of,  at  top  of  hill,  four  corners,  second-class 
crossroads,  35  foot  west  to  gate.  35  feet  east  to  gate 

Perch  Creole,  0.8  mile  south  of,  three  corners,  T  road  west,  35  feet  north 
to  small  briflgo,  30  feet  southeast  to  corner  of  wire  fence 

Newmans  Crook.  0.5  mile  south  of,  at  top  of  hill,  three  corners,  second- 
class  T  road  o^ist,  30  foot  east  to  comer  of  garden  fence 

Palostinc,  1.5  miles  west  of,  four  corners,  cross-roads,  40  feet  north  to 
oak  tree  on  bank 

Schoolhouso,  forks  at,  public  roads  southeast  and  southwest.  35  feet 
south  to  B.  T.  Wade's  mall  box,  20  feet  west  to  oak 

Tallahala  Crook,  center  of  bridge  over 

Tallahala  Crook.  0.5  mile  south  of,  at  top  of  hill,  three  corners,  T  road 
to  east,  90  ftvt  north  to  oak,  '65  feet  west  to  wire  fence 

Dryprovo,  store  of  J.  W.  Grantham  A  Co.,  in  forks  of  road  at  south- 
ojist  corner  of  store,  iron  post  stamped  'I^rim.  Trav.  Sta.  No.  6, 
1905" 


Latitude. 


32    14    21.9 

32    13    45.3  , 

32    12    47.9 

I 
32    12    13.4  I 

32    11     10.6  I 

32    10    23. 5  I 
32    09    19.1 

I 
32    06    55l2  I 

32    07    42.9  i 


Longitude. 


I 


90  26 

90  25 

90  26 

90  26 

90  26 

90  26 

90  26 


03.C 

l&O 
33.4 
44,3 

sai 

311 


9©    »    17.0 


90    36    U« 


Digitized  by  VjOOQIC 


I 


MISSISSIPPI. 
Geographic  positions  along  highways — Continued. 


57 


Station. 


Drygrove,  0.75  mile  south  of,  three  corners,  second-class  T  road  to  east,  [ 

50  leet  east  to  gate.  40  feet  west  to  large  cherry  tree 

Drygrove,  2.5  miles  south  of,  second-class  road  to  west,  10  feet  west  to 


gate. 


Mount  Wade  Church,  four  comers,  60  feet  east  to  schoolhouse,  100  feet 
west  to  corner  of  store 

Mount  Wade  Church.  1.5  miles  south  of,  at  top  of  hiU,  four  comers,  sec- 
ond-class crossroads 

Little  White  Oak  Creek,  O.G  mile  south  of,  near  county  line,  forks  of 
roads  north  and  northeast,  30  feet  northeast  to  pine,  30  feet  south  to 
crooked  pine 

Whiteoak  Creek,  0.0  mile  north  of,  forks  of  roads  west  and  north,  35 
feet  east  to  telephone  pole,  60  feet  southeast  to  oak 

Whiteoak  Creek,  center  of  bridge  over 

Whiteoak  Creek,  0.25  mile  south  of,  forks  of  roads  southeast  and 
southwest,  40  feet  south  to  pine,  30  feet  west  to  sweet  gum 

Qoddys  Comers,  4  miles  northwest  of  Crystal  Springs,  in  triangle  at 
lunction  of  Galkitin-RavmoDd  and  Pine  Bluff-Crystal  Springs  roads, 
iron  post  stamped  ' '  Pnm.  Trav.  Sta.  No.  6, 1905" 

Qoddys  Comers,  1.1  miles  east  of,  three  comers,  T  road  to  south,  25 
feet  northeast  to  oak,  40  feet  south  to  pine 

Forks,  second-class  road  to  north 

Crystal  Springs,  1.75  miles  north  of,  forks  of  roads  north  and  west,  tele- 
phone pole  in  triangle 

Crystal  Springs,  2.25  miles  north  of,  forks  of  roads  north  and  east 

Three  comers,  T  road  southwest,  25  feet  south  to  pine  stump,  50  feet 
west  to  elm 

Lockwood  schoolhouse,  1  mile  west  of,  four  comers,  second-class 
north-south  crossroads,  10  feet  northeast  to  mall  box,  20  feet  south 
to  small  pine. .  .^ 

Lockwood  schooltlouse,  2.1  miles  north  of,  overhead  road  crossing, 
center  of  east  track  under 

ninds-Copiah  county  line  crossing,  center  between  tracks  Illinois  Cen- 
tral R.  R 

Crystal  Springs,  1.5  miles  north  of,  on  Port  Gibson  road  100  feet  east  of 
bridge  over  Illinois  Central  R.  R.,  at  southwest  corner  of  Lockwood 
schoolhouse,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  7, 1905" 

Lockwood  schoolhouse,  0.&  mile  east  of,  three  corners,  second-class  T 
road  to  north,  30  feet  northwest  to  small  bridge 

Pilgrims'  Rest  Church,  stake  at  center  of  north  building  line  of,  T.  2  N., 
R.  1  W.,  sees.  16  and  21,  quarter  corner  between 

pilgrims*  Rest  Church,  200  feet  cast  of,  four  comers,  50  feet  southeast 
to  oak,  25  feet  northeast  to  telephone  pole 

Pilgrims'  Rest  Church,  0.5  mile  south^st  of,  three  corners,  30  feel 
northeast  to  comer  of  store,  35  feet  southeast  to  dead  oak 

Mount  Pleasant  Church,  0.25  mile  southeast  of,  forks  of  roads  south- 
east and  northeast,  20  feet  southwest  to  oak,  35  feet  northwest  to 
small  pine 

Beechgrove  Churcb  post-office,  0.25  mile  east  of.  four  comers 


Latitude. 

o 

, 

„ 

32 

07 

04.4 

32 

05 

45.5 

32 

05 

08.3 

32 

03 

55.9 

32 

02 

55.9 

32 
32 

02 
01 

14.3 
84.0 

32 

01 

21.9 

31 

50 

43.7 

31 
32 

50 
00 

48.8 
06.2 

32 
32 

00 
00 

08.5 
33.8 

32 

01 

03.5 

32 

00 

39.5 

32 

01 

56.1 

32 

02 

56.9 

32 

00 

26.2 

32  00  31.1 

32  00  15.1 

32  00  16.9 

32  00  03.1 


31    59    12.7 
31    59    33.6 


Longitude. 

o  /  // 

90  25  48.3 

90  26  03.2 

iK)  25  42.4 

90  25  29.0 

90  25  09.3 

90  25  17.3 

90  25  32.9 

90  25  21.6 

90  25  04.1 

90  23  50.5 

90  23  12.8 

90  22  36.4 

90  22  40.0 

90  22  19.5 

90  21  50.2 

90  20  03.2 

90  20  04.2 

90  20  49.1 

90  19  52.'3 

90  18  34.3 

90  18  34.7 

90  18  16.3 


90    16    57.8 
90    15    30.6 


VICK8BURG    QUADRANGLE    (WARREN    COUNTY). 

Geographic  positions  along  Alabama  and  Vicksburg  Railway,  Vicksburg  to  Newman. 


SUtion. 


Latitude. 


Vicksburg,  Trinity  Church  spire 32  20  49.2 

Overhead  road  crossing  north  and  south 32  20  24.2 

neechwoods,  road  crossing ,  32  19  44. 1 

Overhead  road  crossing  north  and  south '  32  20  12. 6 

Newman,  north-south  road  crossing >  32  20  43.9 

Road  crossing  north  and  south 32  20  50.7 


Longitude. 


90  52  49.5 

90  50  58.5 

90  48  49.2 

90  47  38.1 

90  46  15.3 

90  45  29.3 
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PRIMARY   TRIANGULATION    AND   PRIMARY   TRAVERSE. 


MISSOURI. 

PRIMARY  TRAVERSE. 

KNOX,  MACON,  MONROE,  RANDOLPH,  AND  SHELBY  CX>UNTIES. 
ATLAVTA,  MAOOV,  BHELBOTA,  AHD  8EELBYVILLE  QUAOEAHGLES. 

The  following  geographic  positions  were  determined  in  1905  by 
J.  R.  Ellis,  assistant  topographer.  The  line  starts  from  a  section 
comer  near  Laplata  located  by  primary  traverse  in  1901,  follows  the 
borders  of  four  15-minute  quadrangles,  and  is  connected  with  points 
at  Shelbina  and  Jacksonville  also  located  in  1901  by  primary  traverse. 
Positions  in  northeastern  Missouri  previously  published,  based  on 
Mississippi  River  Commission  triangulation  (see  report  of  that  com- 
mission for  1883,  p.  37),  agree  in  latitude  with  the  Unit^  States 
standard,  but  longitudes  are  1.4"  greater  than  those  by  the  United 
States  standard.  Positions  given  herewith  have  been  reduced  to  the 
United  States  standard  datum. 

ATLANTA   QUADRANGLE    (KHOX    AND   MACON   COUNTIES). 

Geographic  positions  cdong  highways. 


Station. 


T.  60N.,  R.  14W.,comersecs.  17. 18, 19.and20 

T.  60  N.,  R.  14  W..  In  northeast  corner  of  NW.  \  sec.  20.  in  northeast 

corner  of  field  at  T  road  south,  in  top  of  concrete  post,  aluminum 

UbIetsUmped  '  Prim.  Trav.  Sto.  No.  I,  1905" 

T.  eo  N..  R.  14  W..  comer  sees.  16,  17, 20,  and  21,  T  road  north,  24  feet 

south  to  cross  on  fence  post 

T.  60  N..  R.  14  W.,  north  comer  sees.  21  and  22,  T  road  north,  28  feet 

northwest  to  telephone  pole,  33  feet  northeast  to  cross  on  telephone 

pole. 


T.  60  N..  R.  14  W..  north  comer  sees.  22  and  23,  T  road  south,  38  feet 
southwest  to  mail  box.  32  feet  southeast  to  telephone  pole 

T.  60  N..  R.  14  W..  south  corner  sees.  13  and  14.  center  of  road  at  hedge 
fence  north.  14feet  south  to  cross  on  feoce  post , 

Titus  Creek,  course  south,  center  of  iron  bridge  over 

Near  quarter  comer,  at  southeast  corner  of  field  owned  bv  R.  J.  Col- 
lins at  T  road  west,  iron  post  stamped  "  Prim.  Trav.  Sta.  No.  2, 1905", 

Road  north,  W.  R.  C^llins's  mail  box 

Knox-Macon  county  line,  center  of  road , 

T  road  west,  cross  cut  on  telephone  pole , 

T  road  south.  24  feet  northeast  to  J.  O.  Bowers's  mail  box,  36  feet 
north  to  cross  on  board  fence 

Browning  (Robert)  residence,  T  road  south,  600  feet  west  of  7  feet 
northwest  to  cross  on  fence  post 

De  Moss  (John)  residence,  T  road  west,  just  east  of,  49  feet  northwest  to 
Joseph  Porter's  mall  box.  16  feet  northeast  to  post 
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Geographic  positions  along  Wabash  Railroad  between  Laplata  and  Macon. 


Station. 


Laplata  station 

T.  60  N.,  R.  14  W.,  comer  sees.  17.  18.  19,  and  20 

T.  59  N.,  R.  14  W.,  quarter  comer  between  sees.  5  and  8 

Atlanta  station 

T.  59  N..  R.  14  W.,  comer  on  township  line,  south  side  sees.  32  and  33. 

T.  58N.,  R.  14  W.,  comer  sees.  8.9.  16.  and  17 

Tps.  57  and  58  N.,  township  line  between 


Latitude. 


Longitude. 
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MACON  QUADRANGLE  (MONROE,  RANDOLPH,  AND  SHELBY  COUNTIES). 

Geographic  positions  along  highways  near  east  and  south  borders  of  quudrangle. 


Station. 


Clarence,  Chicago.  Burlington  and  Quincy  R.  R.  station 

Clarence,  120  feet  south  of  Hannibal  and  St.  Joseph  R.  R..  in  park,  iron 

post  stamped  "Prim.  Trav.  Sta.  No.  18.  1905'^ 

T.  57  N.,  R.  12  W.,  comer  sees.  16, 17. 20,  and  21,  T  road  west,  18  feet  due 

west  to  center  of  small  bridge 

T.  57  N.,  R.  12  W.,  comer  sees.  20,  21,  28,  and  29.  crossroads,  18  feet 

northwest  to  north  end  of  small  bridge,  3.9  feet  northeast  to  arrow 

on  gate 

T.  57  N.,  R.  12  W..  comer  sees.  28,  29.  32,  and  33,  crossroads.  25  feet 

northwest  to  Ed.  Ryan's  mail  box,  21  feet  east  to  center  of  small 

b  ridge ; 

T.  57  N..  R.  12  W.,  southwest  comer  sec.  33,  iron  post  stamped  "  Prim. 

Trav.  Sta.  No.  19,  1905,"  elevation  787  feet 

T.  56  N.,  R.  12  W.,  comer  sees.  4,  5,  8,  and  9,  crossroads.  9  feet  west  to 

center  of  small  bridge.  18  feet  south  to  west  end  of  small  bridge 

Otter  Creek  Bridge.  T  road  east  just  north  of,  6  feet  west  to  cross  on 

board  fence,  65  feet  south  to  north  end  of  bridge 

Enterprise,  at  crossroads,  T.  56  N.,  R.  12  W.,  southeast  comer  sec.  17, 

iron  post  stamped  "  Prim.  Trav.  Sta.  No.  20. 1905."  elevation  811  feet 
T.  56  N.,  R.  12  W.,  comer  sees.  20.  21.  28,  and  29.  crossroads,  stone  ... 
T.  56  N.,  R.  12  W..  comer  sees.  28,  29,  32,  and  33,  crossroads.  27  feet 

northeast  to  "791"  painted  on  post.  30  feet  northwest  to  cross  on 

comer  fence  post ^ 

T.  56  N.,  R.  12  W.,  south  comer  sees.  32  and  33,  T  road  north,  Shelby- 
Monroe  county  line 

Duncans  Bridge,  1  mile  north  of,  T  road  west.  21  foet  east  to  cross  on 

fence  post.  29  feet  northwest  to  cross  on  comer  fenc<T)ost 

Duncans  Bridge,  in  southeast  comer  of  Ferd  Wedd's  yard,  iron  post 

sUmped  ' '  Prim.  Trav.  Sta.  No.  21, 1905,"  elevation  717  feet 

Duncans  Bridge,  center 

Cap  Branch,  center  of  bridge  over 

Cap  Branch  Bridge,  1  mile  south  of,  center  of  small  bridge  at  T  road 

north 

T.  65N.,  R.  12  W.,  center  sec.  19,  stone 

Asb  post-office,  2.5  miles  north  of,  0.5  mile  west  of  Monroe- Randolph 

county  line,  at  T  road  north,  in  southeast  comer  of  Ewing  .\lex. 

ander^s  field,  nail  in  hickory  tree  bears  S.  55*»  3D'  W..  distant  17.2 

feet,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  12, 1905" 

T.  55  N.,  R.  13  W.,  quarter  comer  between  sees.  26  and  27.  stone 

T.  56  N.,  R.  13  W.,  quarter  comer  between  sees.  27  and  28.  crossroads.  16 

feet  northeast  to  S.  Kindell's  mail  box,  30  feet  southeast  to  J.  W. 

Manning's  mail  box 

T.  55  N..  K.  13  W.,  quarter  comer  between  sees.  28  and  29,  crossroads, 

27  feet  northeast  to  cross  on  telephone  pole,  27  feet  southeast  to  cross 

on  comer  fence  post 

T.  55  N.,  R.  13  W.,  quarter  comer  between  sees.  29  and  30,  T  road  south 

27  feet  southeast  to  cross  on  telephone  pole 

T.  56  N.,  R.  14  W.,  quarter  comer  between  sees.  19  and  30,  stone  at 

crossroads.  1,000  feet  east  of 

T.  55N.,  R.  14  W.,  in  northeast  corner  sec.  26. 2  miles  north  of  Cairo,  at 

crossroads,  iron  post  stamped  "  Prim.  Trav.  Sta.  No.  13,  1905" 

Milepost  182,  road  crossing.  1,400  feet  north  of 

Jacksonville  station 


Latitude. 

o  r       ft 

39  44  3a  5 

39  44  32.4  ' 

39  44  Oa  1  i 

39  43  1&5 

39  42  2a8  , 

39  41  3L5 

39  40  4L8 

39  39  5L4 

39  38  57.1 

39  38  04.2 

39  37  11.6 

39  36  laO 

39  35  3L7 

39  34  32.2  ; 

39  34  27. 6 

39  33  52.5 

39  33  OaO  i 

39  32  42.1 


39    32    17.7 
39    31    54.8 


39  31  5a  6 

39  31  58.0 

39  31  50.6 

39  32  2&4 

39  32  2&3  j 

39  33  49.0  ! 

39  35  17.2  I 


Longitude. 

o  /  .</ 

92  15  39.0 

92  15  30.0 

92  15  29.3 

92  15  3L2 

92  15  33.2 

92  15  S4.7 

92  15  33.8 

92  15  35.2 

92  15  37.0 

92  15  38.3 

92  15  39.8 

92  15  4L5 

92  15  49.6 

92  15  49.0 

92  15  53.2 

92  16  26.9 

92  16  44.9 

92  17  37.0 


92    18    44.8 
92    20    28.2 


92  21  3&9 

92  22  44.6 

92  23  6L6 

92  24  2a  2 

92  26  1&8 

92  27  3a3 

92  28  13L9 


Geographic  positions  along  Wabash  Railroad  between  Macon  and  Jacksonville. 


Station. 


Latitude. 


Longitude. 


Macon  station,  Wabash  R.  R. 

Macon.  Hannibal  and  St.  Joseph  R.  R.  crossing  . 


39    44 
39    44 


18.1 

ia4 


T.  57  N..  R.  14  W..  quarter  comer  between  sees.  27  and  28 !  39  42  58.8 

Road  crossing  east  and  west 39  40  48.0 

Kxcello  station 39  38  11.6 

Tpa.  55  and  56  N..  comer  sees.  3.  4.  33.  and  34 1  39  36  28.  5 

Jacksonville  stotion 39  35  17.2 


92  28  35.1 

92  28  35.4 

92  27  5a5 

92  28  32.4 

92  28  28.8 

92  28  08.8 

92  28  ia9 
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PRIMARY   TRI ANGULATION    AND   PRIMARY    TRAVERSE. 


Geographic  positions  along   Hannibal  and  St.    Joseph   Railroad  between  Macon  and 

Clarence. 


Station. 


Anabel  station 

T.  57  N..  R..13  W.,  corner  sees.  10.  11,  14,  and  15. 

Rs.  12  and  13  W.,  line  liet ween 

Clarence  station 


Latitude. 


39  44  45l1 

39  45  01.1 

39  44  38.8 

39  44  33.5 


Longitude. 


92  20  Q&O 

93  19  S13 
98  17  38.: 

92  IS  asio 


8HELBINA    QUADRANGLE  (MONROE    AND   SHELBY   COUNTIES). 

Geographic  positions  along  highways  near  east  and  south  borders  of  quadrangle. 


Station. 


Salt  River,  north  end  of  bridge  over 

Shelbina,  1.5  miles  north  of,  crossroads.  30  feet  southeast  to  cross  on 
telephone  pole.  40  feet  southwest  to  cross  on  telephone  pole 

Shelbina,  Main  street  crossing  Hannibal  and  St.  Joseph  R.  R 

Catholic  cemetery,  T  road  south  just  south  of,  IG  feet  southwest  to 
cross  on  corner  fence  post,  22  feet  southeast  to  east  end  of  box  culvert. 

T.  56  N.,  R.  10  W.,  comer  sees.  8,  9,  16,  and  17,  Shelby-Monroe  county 
line,  18  feet  southwest  to  cross  on  black-oak  tree 

Shelby-Monroe  county  line,  1. 5  miles  south  of,  at  T  road  east  on  Shel- 
blna-Paris  road,  In  southwest  corner  of  pasture  #f  William  Tourney, 
nail  in  blaze  on  elm  bears  N.  33°  15' £.,  distant  11.2  feet;  nail  in  blaze 
on  elm  Ijears  S.  25°  30*  E.,  distant  5.1  feet,  iron  post  stamped  "  Prim. 
Trav.  Sta.  No.  8,  1905" 

Caldwell  (J.  W.)  residence,  T  road  south  just  east  of,  30  feet  southwest 
to  H.  S.  Witt's  mail  box,  16  feet  southwest  to  arrow  painted  on  tele- 
phone pole 

Hawldns  post-offlce,  T  road  north  about  1.75  miles  west  of,  27  feet 
south  to  cross  on  rail  fence,  27  feet  northwest  to  cross  on  comer  fence 
post ....^......... ......^..... 39    35    2a2 

39    35    24.8 
39    33    65.2 


Latitude. 


39    44    3a8 


39    43    07.0 
39    41    37.1 


39    40    5a3 
39    39    3&0  I 


39    38    19L9  ' 
39    37    0a3  I 


Hawkins  post-office,  1  mile  west  of,  T  road  south,  33  feel  southeast  to 
cross  on  comer  fence  post.  30  feet  west  to  north  end  of  smaU  bridge. . 

T.  55  N..  R.  10  W.,  sec.  10,  stone,  T  road  north 

T.  55  N.,  R.  10  W.,  corner  sees.  9, 10, 15,  and  10, 20  feel  due  west  to  north- 
east corner  of  garden  fence 

T.  55  N.,  R.  10  W .,  corner  sees.  15. 10.  21.  and  22.  T  road  north,  iust  east 
of.  38  feet  northeast  to  cross  on  telephone  pole,  37  feet  northwest  to 
cross  on  birch  tree •. 

T.  55  N.,  R.  low..  T.  road  south,  comer  sees.  27.  28,  33,  and  34 

T.  55  N.,  R.  10  W.,  southeast  corner  sec.  28,  2.7  feet  southeast  to  nail  \n 
large  corner  fence  post,  iron  post  stamped  **  I'rim.  Trav.  Sta.  No.  9, 
1905'  

T.  55  N.,  R.  10  W.,  north  corner  sees.  32  and  33,  T  road  south.  27  feet 
southeast  to  cross  on  comer  fence  post,  30  feet  west  to  center  of 
small  bridge 

T.  55  N  ,  R.  10  W.,  south  corner  sees. 29  and  30,  stone,  T  road  north... 

T.55N  ,R  10W.,cornersecs.  19  20,29  and3(),T  road  west, 28feetsouth- 
west  to  cross  on  gatepost,  28  feet  northwest  to  cross  on  gatepost 

T.  55  N  ,  Rs.  10  and  II  W.,  corner  sees.  19,2-1,  25,  and  30.  stone 

T  55  N.,  R  II  W.,  stone  at  center  sec.  23.  T  road  south 

T.  .W  N.,  R.  II  W.,  quarter  corner  between  sees.  21  and  22,0.25  mile  west 
of,  in  southwest  corner  of  W.  J.  VVilliam.«!S  pasture,  stone  at  cross- 
roads bears  S.  .'i5°  10'  W  ,  distant  30.3  feet,  iron  post  stamped '  Prim. 
Trav.  Sta.  No.  10.  1905  ' 

Forest  Grove  Church.  T  road  north  0.75  mile  east  and  O.'iJ  mile  south 
of,  18  feet  south  to  cross  on  rail  fence 

T.  55  N.,  R  II  W.,  corner  sees.  7. 8, 17,  and  18,  crossroads,  15  feel  south- 
east to  south  end  of  tile  culvert.  36  feet  southwest  to  C.  Sanders's 
mail  box 

T.  65  N.,  Rs.  11  and  12  W..  comer  sees.  7,  12, 13,  and  18,  stone,  T  road 
north 

Woodlawn,  1  mile  south  of,  in  northeast  comer  of  Oak  Grove  Church 
yard,  cross  cut  on  northeast  corner  of  stone  foundation  to  church 
bears  S.  39°  15'  W.,  distant  77.3  feet,  iron  post  stamped  '*  Prim,  Trav. 
Sta.  No.  II.  1905" 

Woodlawn,  T  road  south  0.25  mile  east  of,  22  feet  north  to  cross  on 
fence  post.  30  feet  southea.st  to  cross  cut  on  corner  fence  post 

Woodlawn,  L  crossroads  0.75  mile  west  of,  stone 

Woodlawn,  T  road  south  2  miles  west  of.  II  feet  south  to  west  end  of 
bridge,  30  feet  west  to  center  of  small  bridge 

Duncans  Bridge,  center  of 


39    33    28.6 


39    32    3a3 
39    31    43.8 


39    30    5L8 


39  30  52.4 

39  30  52.1 

39  31  44.4 

39  31  46.  C 

39  32  15.1 


39  32  17.4 

39  32  20.1  I 

39  33  41.1  I 

39  33  42.5 


39    34    42  2 
39    34    45.6 


39    34    49.7 
39    34    27.6 


LongitiKie 


92    02    24L< 


92    02    114 
92    02    2X3 


92    OS    042 
92    02    <&5 


92  OS  06.  ( 

92  01  17- T 

92  01  is: 

92  00  212 

92  OD  24C 

92  01  at« 


92    00    5&C 
92    01    O&J 


92    01    01« 


92  02  1^4 

92  03  24.. 

92  03  210 

92  04  3P^0 

92  06  10-2 


92  07  s.: 

92  09  1«» 

92  10  08  4 

92  11  OS.S 

92  12  30.: 

92  12  2^.2 

92  13  jaL2 

92  14  »^ 

92  15  53  1 
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Geographic  positions  along  Chicago^  Burlington  and  Quincy  Railroad  between  Clarence 

and  Shelbxna. 


Station. 


Latitude. 


Longitude. 


Milepost  56,  north  and  south  road  crossing  near 39  43  53.2 

Lentner  station 39  43  07.3  i 

T.  57  N.,  R.  11  W..  comer  sees  20,  21,  28,  and  29 39  43  14.8 

T.  57  N.,  Rs.  10  and  11  W,  corner  sees.  30.  31.36,  and  25 1  39  42  16.0  | 


92 
92 
92 
92 


12  07.0 

08  49.9 

08  49.3 

M  18.7 


8HELBYVILLE   QUADRANGLE    (KNOX    AND   SHELBY   COUNTIES). 

Geographic  positions  along  highways  near  west  border  of  quadrangle. 


Station. 


Perry  schoolhouse,  southwest  comer  of  J.  W.  Inderman's  field,  Iron 
post  stamped '*  Prim.  Trav.  Sta.  No.  3,  1905" 

T  road  east.  40  feet  southwest  to  "elevation  822"  painted  on  mail-box 
post,  32  feet  southeast  to  telephone  pole 

T  road  east.  33  feet  northeast  to  cross  on  corner  fence  post,  33  feet 
southeast  to  cross  on  corner  fence  post 

T.  60  N.,  R.  12  \V.,  south  comer  sees.  33  and  34,  Knox-Shelby  county 
line,  5  feet  due  south  to  nail  in  top  of  fence  post 

T.  59  N.,  R.  12  W .,  comer  sees.  3, 1, 9,  and  10,  center  of  road  27  feet  north 
of  hedge-fence  line 

T.  59  N..  R.  12  W.,  corner  stone  to  sees.  9, 10, 15,  and  16,  at  crossroads  at 
Cherry  box 

T.  59  N  ,  R.  12  W.,  comer  stone  to  sees.  15, 16, 21,  and  22,  at  crossroads. . 

T.  59  N.,  R.  12  W.,  comer  stone  to  sees.  21, 22, 27,  and  28,  crossroads  at 
church 

T.  50  N.,  R.  12  W.,  sec.  27,  comer  stone  to  southwest  comer  bears  8. 42° 
aC  W.,  distant  33.5  feet,  iron  post  stamped  **  Prim.  Trav.  Sta.  No.  14. 
19a5  ' 

T.  59  N..  R.  12  W.,  just  east  of  south  corner  of  sees.  33  and  34,  12  feet 
northeast  to  stone, 30 feet  southeast  to  "820  elev."  painted  on  fence. 

Hagers  Grove,  1  mile  north  of,  in  southwest  corner  of  school  yard,  iron 
post  stamped  "  Prim.  Trav.  Sta.  No.  15, 1905,"  elevation  797  feet 

Hagers  Grove,  T  road  north  In  northeast  part  of,  21  feet  west  to  guid6- 
boards.  ai  feet  southwest  to  "740"  painted  on  telegraph  pole 

Hagers  Grove,  0.5  mile  south  by  0.5  mile  west  of,  in  orchard  at  top  of 
hill,  iron  post  stamped  "  Prim.  Trav.  Sta.  No.  16, 1905,"  elevation  769 
feet 

T  58  N.,  R.  12  W.,  comer  stone  to  sees.  21,  22,  27,  and  28,  near  cross- 
roads  

T  57  N .,  R.  12  W.,  north  quarter  comer  to  sec.  4,  in  southeast  corner  of 
field,  near  iron  post  stamped  "Prim.  Trav.  Sta  No  17. 1905,"  eleva- 
tion 808  feet 

T.  57  N.,  R.  12  W.,  north  comer  sees.  4  and  5,  T  road  southeast,  33  feet 
southeast  to  E.  E.  Hoplcins's  advertisement,  42  feet  southwest  to 
guidepost 

T.  57  N.,  R.  12  W.,  comer  sees.  4,  5  8,  and  9.  crossroads.  21  feet  west  to 
center  of  b-idge  31  feet  northeast  to  beneh  mark  813 

Clarence,  T  road  vest  at  A.  O.  U.  W.  cemetery  in  north  part  of 


Latitude. 


39  59  49.5 

39  58  31.7 

39  67  39.4 

39  57  13.3 

39  56  21.7  I 

39  65  30.2  1 

39  54  36.9 

39  53  44.4 


39    52    52.5 


Longitude. 

O  ^  // 

92  14  47.4 

92  13  58.6 

92  14  00.1 

92  14  00.8 

92  14  02.9 

92  14  04.0 

92  14  05.2 

92  14  06.5 

92  14  07.3 


39    62    00.0  92    13    51.6 

39    50    42.1  92    13    19  0 

39    49    52.5  92    13    21.0 


39  49  15.0 

39  48  29.9 

39  46  45.3 

39  46  44.6  ' 


92    14     13.8 
92    14     15.0 

92     14    52.9 


92 


24.0 


39    45    54.1  92     15    2.-).0 

39    45    01.8  ,        92    15    27. G 
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Geographic  positions  along  highways  near  north  and  east  borders  of  quadrangle. 


Station. 


I 


T.  60  N.,  R.  12  W.,  corner  sees.  15, 16, 21,  and  22,  T  road  south,  at  center 
of  small  bridge 

T.  60  N.,  R.  12  W.,  comer  sees.  14, 15;22.and  23, at  cross  roads  34  feet 
northwest  to  cross  on  comer  fence  post,  30  feet  southwest  to  cross  on 
telephone  pole , 

T.  60  N.,  R.  12  W.,  comer  sees.  13. 14, 23,  and  24.  at  T  road  south,  21  feet 
east  to  center  of  small  bridge,  35  feet  southeast  to  cross  on  corner 
fence  pt)st 

T.  60  N..  R.  12  W.,  stone  to  east  corner  sees.  13  and  24,  at  T  road  west, 
road  jogs  south  80  feet,  then  east  again 

T  road  south,  48  feet  southwest  to  cross  on  comer  fence  post,  30  feet 
southeast  to  F,  E.  Browning's  mail  box 

Plevna.  T  road  north,  about  1  mile  north  bv  2  miles  west  of,  33  feet 
northeast  to  J.  L.  Saler's  mail  box,  42  feet  northwest  to  comer  of 
hedge  fence 

Plevna,  1  mile  north  bv  1  mile  west  of,  in  northeast  comer  of  J .  W .  Hay  - 
den's  field  at  T  roaa  south,  3^  feet  southwest  of  comer  fence  post, 
iron  post  stamped  *'Prim.  Trav.  Sta.  No.  4. 1905" 

Plevna,  1  mile  north  and  0.25  mile  west  of,  stone  at  crossroads 

Little  Fabins  River,  west  end  of  bridge  over 

Mount  Saiem  Church,  0.25  mile  east  ol,  T  road  north,  18  feet  southeast 
to  W.  E.  Anderson's  mail  box,  22 feet  northeast  to  east  end  of  small 
bridge 

Mount  Salem  Church.  1 .5  miles  cast  of,  at  crossroads,  stone 

Newark,  1.5  miles  southwest  of,  near  southeast  comer  of  yard  to  log 
house  at  forks  of  road  on  land  of  John  Vaden,  southeast  comer  of  log 
house  bears  N.  79°  30'  W.,  distant  56.7  feet;  nail  In  blase  on  east  face 
of  white-oak  tree  I>ear8  S.  66°  W.,  distant  49.7  feet;  iron  post  stamped 
••Prim.Trav.su.  No.  5.  1905" 

T.  60  N.,  R.  10  W.,  comer  sees.  26, 27, 34,  and  35,  stone  to,  at  crossroads. 

T.  60  N.,  R.  10  W.,  south  comer  sees.  34  and  35, 0.25  mile  west  of,  Knox- 
8*^elbv  county  line,  stone  at  T  road 

ShI'oh  Church,  T  road  east,  14  feet  east  to  cross  on  telephone  polo,  34 
feet  southeast  to  comer  of  rail  fence 

T.  59  N.,  R.  10  W..  center  of  sec.  15,  T  road  north,  27  feet  southeast  to 
W.  A.  Smith's  mall  box,  20  feet  south  to  J.  E.  Wilson's  mail  box..., 

T.  59N.,  R.  10  W.,  T  road  south,  stone  at  center  of  sec.  16 

T.  50  N.,  R.  10  W.,  center  of  sec.  21.  In  souttieast  comer  of  field  of  Mr. 
Bowers,  1.25milesnorthof  Bethel,  southwest  comer  of  J.  H.  Moore's 
residence  bears  N.  40°  40^  E.,  distant  117  feet,  iron  post  stamped 
"Prim.  Trav.  SU.  No.  6,  1905" 

Bethel,  center  of  iron  bridge  over  North  River 

Bethel,  T  road  north  1  mlie  south  of,  28  feet  south  to  cross  on  board 
fence,  26  feet  northwest  to  cross  on  telephone  pole 

T.  58  N.,  R.  10  W.,  sees.  4, 5,  8,  and  9,  T  road  west.  19  feet  east  to  cross 
on  corner  fence  post,  24  feet  west  to  center  of  small  bridge 

T.  68  N.,  R.  10  W.,  corner  sees.  8,  9, 16,  and  17,  crossroads,  18  feet  west 
to  center  of  small  bridge,  21  feet  south  to  C.  G.  Bowers's  mall  box. . 

T.  58  N.,  R.  10  W.,  comer  sees.  16, 17, 20,  and  21,  crossroads,  15  feet  east 
to  center  of  small  bridge,  40  feet  northwest  to  advertisement "  1  mile 
to  Shelby viile  " 

Shelby ville,  crossing  of  Main  and.Jackson  streets,  southwest  comer  of 
court-house  bears  N.  28°  lO'  E.,  distant  IW  feet;  northwest  comer  of 
Miller's  hardware  store  bears  S.  22°  30'  E.,  distant  41  feet 

Shelbyville,  1  mile  south  of,  center  of  steel  bridge  over  Black  Creek 

Shelby villo.  crossroads  2  miles  south  of,  30  feet  northeast  to  cross  on 
corner  fence  post,  25  feet  southeast  to  Wilbur  SImen's  mail  box 

Shelbyville,  4  miles  south  of,  in  northwestcomerof  field  of  C.J  Ander- 
son, at  T  road  east,  1.5  feet  southeast  of  corner  fence  post.  Iron  post 
stamped  -  Prim.  Trav.  Sta.  No.  7, 19a5" 


Latitude. 

39  59  50.2 

39  59  51.8 

39  59  53.4 

39  59  M.7 

39  59  32.6  ' 

39  59  23.7 


39  50  20.8 
39  59  18.7 
39    59    15.3 


39    59     13.5 
39    59     12.2 


39    59    12.8 
39    57    52.1 


39    57    00.8 
39    55    34.5 


39    54    50.4 
39    54    51.2 


39  53  58.6 

39  52  31.3 

39  51  48.4 

39  50  56.8 

39  50  04.7 

39  49  12.6 


39    48    22.2 
39    47    32.9 


39    46    35.3 
.*»    45    18.0 


LongitQ>ie. 

92  13  S:  2 

92  12  f*: 

92  n  4i< 

92  10  £.* 

92  09  s.e 

92  07  »: 


92  (6  a* 
92  05  r  J 
92    03   i^i 


92    OE  -ti-^ 
92    01    »• 


91    59  «: 
91    59    »: 


91  59   4t. 

92  00  e. : 


92    00   02  i 

91   01   w: 


92  01  11* 

92  01  ?: 

92  01  a.J 

92  01  5Bl5 

92  01  al^ 

92  01  510 


92  02  s; 

92    02   2S1 


92    02    9^5 
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NORTH  CAROIilNA. 

PRIMARY  TRAVERSE. 

SAMPSON    COUNTY. 
8ALEXBURO  QUADRAHQLS. 

The  following  geographic  positions  were  determined  by  C.  B.  Ken- 
<lall  in  1905:  The  line  starts  from  a  position  at  the  southwest  comer 
of  the  Four  Oaks  quadrangle,  follows  highways  south,  east,  and  north 
near  the  borders  of  the  Salemburg  quadrangle,  and  is  connected  with 
a  position  at  the  southeast  comer  of  the  Four  Oaks  quadrangle. 

Geographic  positions  along  highways. 


Station. 


Church,  forks  of  road,  60  feet  southeast  to  hickory  tree,  20  feet  north- 
east to  pine 

T  rolid  east,  15  feet  west  to  gate,  10  feet  southeast  to  pine  stump 

Church,  four  corners,  20  feet  northeast  to  oak,  40  feet  south  to  oak 

Forks  of  road,  50  feet  west  to  persimmon,  10  feet  east  to  fence  comer. . 

Forks  of  second-class  road,  400  feet  east  of  sandhill  swamp,  200  feet 
north  of  sawmill 

Dwelling,  four  comers,  20  feet  west  to  fence  comer,  30  feet  northeast 
to  pine 

T  road  west,  at  end  of  lane,  10  feet  southeast  to  fence  comer,  10  feet 
southwest  to  fence  comer 

Four  comers,  at  northeast  comer  of  field,  20  feet  southwest  to  fence 
comer 

nawley's  store,  four  comers,  300  feet  east  of,  40  feet  southeast  to  gate, 
40  feet  northeast  to  gate 

Forks  of  road,  15  feet  northeast  to  persimmon,  10 feet  west  to  rail  fence. 

Four  comers,  40  feet  southwest  to  oak,  20  feet  north  to  dead  oak. 

Yard  fence,  northwest  comer  of ,  at  old  store 

Orange  post-office,  at  northeast  comer  of,  store  of  Charles  Hall,  iron 
post  stamped  "Prim.  Trav.  Sta.  No.  24,1905" 

^"illiaras  mill,  forks  of  road,  30  feet  northeast  to  bridge,  30  feet  south- 
west to  pine 

Four  comers 

Forks  of  road,  40  feet  west  to  comer  of  garden 

Forks  of  road  just  north  of  stream,  20  feet  east  to  oak,  80  feet  south  to 
stream -. 

Old  Chance  post-offlce,  T  road  south  0.25  mile  west  of 

Four  comers,  20  feet  west  to  oak,  5  feet  northeast  to  oak 

Four  corners,  40  feet  north  to  pine,  40  feet  west  to  two  oaks 

Four  comers.  30  feet  east  to  oak,  10  feet  southeast  to  pine 

Forks  of  road,  300  feet  southeast  of  house,  30  feet  east  to  pine 

Bethel  Church,  four  comers,  20  feet  northeast  to  oak  painted  •*  P.T.  '*. 

Hayne  post-office,  1  mile  east  of,  at  southwest  comer  of  Bethel  Church, 
iron  post  stamped  "Prim.  Trav.  Sta.  No.  25, 1905" 

Sawmill,  four  comers,  10  feet  south  to  comer  of  plank  fence,  30  feet 
north  to  oak 

J  unction  of  roads.  40  feet  west  to  sign  "  Favetteville  22  ml.  Dam  30  ml." 

T  road  south,  30  feet  south  of  pine  and  sign  •*  Rosehom  Ij  miles,"  50 
feet  we^t  to  oak 

Four  comers,  20  feet  southwest  to  pine,  20  feet  north  to  pine 

Four  comers,  20  feet  northwest  to  pine,  15  feet  southwest  to  mall  box. . 

T  road  north,  25  feet  northwest  to  gate,  25  feet  northeast  to  paling 


fence. 


Four  comers,  20  feet  southeast  to  J.  H.  Falreloth's  mall  box,  60  feet 
northeast  to  pine 

Clinton.  5.5  miles  west  of,  southeast  comer  Concord  Methodist  Church, 
Iron  post  stamped  "  Prim.  Trav.  Sta.  No.  26,  1905 " 

Four  comers.  30  feet  south  to  pine  stump,  40  feet  north  to  plank  fence 

Great  Coharie  Creek,  center  of  bridge  over 

T  road  south ,  10  feet  west  to  bridge,  30  feet  north  to  gate 

T  road  south,  25  feet  southwest  to  double  oak,  10  feet  north  to  plank 


Latitude. 


.Longitude. 


fence. 


Clinton,  Sampson  County  court-house,  flagstaff  on  cupola 

Clinton,  end  of  Atlantic  Coast  Line  tracks,  stop  blocks,  100  feet  east  to 

station 

Second-class  road  crossing 

Second-class  road  crossUig  at  new  house  and  fork  of  road 


35 
35 
35 
35 

Ifi 
15 
14 
13 

03.7 
02.8 
32.3 
69.0 

78 
78 

1   78 

34 
33 
32 
33 

10.7 
21.6 
58.9 
17.8 

35 

13 

22.4 

1   78 

33 

15.7 

35 

12 

42.0 

78 

33 

39.1 

35 

12 

0L4 

78 

33 

49.2 

35 

11 

36.5 

78 

33 

5L1 

35 
35 
35 
35 

10 
08 
08 
07 

23.6 
52.3 
36.8 
53.5 

58 
78 
78 
78 

33 
32 

32 

05.2 
.58.8 
17.8 
33.0 

35 

06 

50.5 

78 

31 

57.8 

35 
35 
35 

05 
05 
04 

57.6 
12.9 

15.8 

78 
78 
78 

32 
32 
32 

08.8 
40.4 
31.1 

3,5 
35 
35 
35 
35 
34 
34 

03 
02 
01 
01 
00 
50 
58 

05.7 
5:^8 
54.7 
00.2 

oao 

25.4 
42.3 

78 
78 
78 
78 
78 
78 
78 

32 
33 
32 
32 
32 
33 
33 

50.8 
10.2 
45.0 
50.6 
52.9 
02.5 
12.3 

34 

58 

44.3 

78 

33 

12.4 

34 
34 

58 
58 

52.1 
57.0 

78 
78 

32 
32 

08.7 
28.7 

34 
34 
34 

58 
58 

24.0 
29.6 
14.8 

78 
78 
78 

30 
29 

28 

24.9 
39.9 
24.0 

34 

57 

49.4 

78 

26 

,50.3 

34 

58 

17.4 

78 

26 

04.5 

34 
34 
34 
34 

58 
59 
59 
59 

59.7 
18.6 
38.9 
29.2 

78 
78 

78 
78 

24 
23 
22 
21 

58.6 
36.3 
45.8 
08.6 

34 
34 

59 
.59 

37.0 
52.0 

78 
78 

20 
19 

25.5 
23.8 

34 
34 
34 

.59 
59 
69 

4.5  0 
43.4 
33.6 

78 
78 
78 

19 
17 
16 

2,5.8 
35  1 
12.8 
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Geographic  positions  along  highways — Continued. 


Station. 


MottenvUle,  0.25  mllo  west  of,  at  junction  of  roads,  iron  post  stamped 

"  Prim.  Trav.  Sta.  No.  27. 1905^' 

Four  comers  at  southwest  corner  of  clearing,  15  feet  north  to  plno,  40 

feet  east  to  fence 

Clinton^  miles  northeast  of,  forks  of  road,  30  feet  southeast  to  sweet 

gum,%)  feet  north  to  pine 

Second-class  crossroads,  25  feet  east  to  gate,  25  feet  west  to  bridge 

Second-class  T  road  east,  10  feet  south  to  mall  box,  20  feet  northeast  to 

comer  rail  fence 

T  road  west,  500  feet  north  of  mllerfost  "8  miles  to  Clinton/'  30  feet 

west  to  oak,  30  feet  southeast  to  fence 'comer 

Forks  of  road,  10  feet  northeast  to  Thornton  and  King's  mail  box,  30 

feet  east  to  plank  fence 

Four  comers,  25  feet  southwest  to  comer  of  garden.  15  feet  cast  to  post. . 
Second-class  T  road  west,  10  feet  east  to  fence,  25  feet  southwest  to 

fence  comer 

Hobton,  5  miles  southeast  of,  11  miles  north  of  Clinton,  In  northeast 

corner  of  intersection  of  roads,  iron  post  stamped  "  Prim.  Trav.  Sta. 

No.  28,  lOa-i" 

T  road  north,  100  feet  northeast  to  forks  of  road, 20 feet  north  to  pine 


stump. 


Hobton,  T  road  north,  3  miles  east  of,  15  foet  west  to  comer  of  fence,  20 

feet  north  to  fence  comer i 

Goshen  Church,  T  road  e^st,  1.5  miles  southeast  of,  15  feet  east  to  gate, 

30  feet  north  to  \V.  B.  Bayett's  mall  box 

Goshen  Church ,  forks  of  road,  50  foet  south  to  door  of  church 

Goshen  Church,  forks  of  road,  1  mile  northwest  of,  40  feet  northeast  to 

gum  tree 

T  road  south,  200  feet  east  to  three  comers  at  tobacco  bam,  25  feel 

west  to  small  bridge 

Forks  of  second-class  road  to  west ' 

Three  comers,  3  feet  west  to  fence  post,  30  feet  northeast  to  post 

Forks  of  road^lO  feet  eaaL  to.  pUI  fnnnn ,  'Tfl  font  mm^  tn  m— H  liriripfc 

T  road  south,  0.25  mile  east  of  Thornton's  store  and  30tf  feet  east  of 

Bayett  Schoolhouse,  10  feet  southeast  to  sign  "  Clinton  20  miles  ' 


Latitude. 

Longitodr. 

o         / 

„ 

o 

, 

34    59 

25u8 

7>^ 

15   '* 

35    00 

30.7 

78 

15   ».'* 

35    01 
35    02 

56.9  ' 
44.4 

78 

78 

35    03 

41.0 

T8 

u  r: 

35    04 

39.2 

7S 

14    STL 

35    05 
35    06 

4a7  ! 
11.1 

7S 
78 

15  y^4 

16  fcl 

35    07 

36.3 

78 

vt  y* 

35    06 

07.1 

TS 

U    3i 

35    08 

4ai 

78 

14  r. 

35    09 

40.0 

78 

14    >■ 

35    10 
a5    11 

24.0 

12.8  i 

78 
7S 

13    >  t 
lb    >' 

35    11 

19.9 

78 

i:':i 

35    12 
35    12 
35    13 
3ft*U 

08.0  ' 

40.4 

08.4 

^1 

7S 
78 
78 
78 

IS   •■ 
1^  ^' 

35    14 

4^9, 

78 

l>i     IV 

NORTH  CAR0I.INA.80UTH  CAROLINA. 

PRIMARY  TRAVERSE. 

CLEVELAND     AND     GASTON     COUNTIES,     N.     C. ;    CHEROKEE     AND     TOE£ 

COUNTIES,  S.  C. 

BELMONT,  QAFFNEY,  KIH08  KOXTNTAni.  AKB  SHELBY  QUADRAH0LB8. 

The  following  geographic  positions  were  determined  by  C.  B.  Ken- 
dall, field  assistant,  in  May,  1906.  The  line  starts  at  Yorkvillf. 
located  by  primary  traverse  in  1905,  follows  the  Carolina  and  Xortb- 
western  Railway  to  Gastonia,  thence  along  the  Southern  Railway  to 
Kings  Mountain  station,  thence  along  highways  to  Patterson  Spring?, 
thence  along  the  Southern  Railway  to  Blacksburg,  thence  along  high- 
ways, and  is  tied  to  a  primary-traverse  position  near  the  northwest 
corner  of  the  Sharon  quadrangle. 

Another  line  continues  around  the  north,  west,  and  south  border? 
of  the  Gaffney  quadrangle  and  is  tied  to  a  point  near  the  northwest 
corner  of  the  Sharon  quadrangle. 
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BELHONT  QUADRANGLB  (OASTON  COUNTV,  N.  C;  YORK  COUNTY,  8.  C.)- 

Geographic  positions  along  Carolina  and  Northwestern  Railway  between   Yorhville  and 

Gastonia. 


Station. 


SOUTH  CAROUNA. 

Neely  Manufacturing  Co.'s  cotton  mills,  public-road  crossing  over  spur 
track 

Milepost  25.  second-class  road  crossing.  50  feet  southeast  of 

Milepost  '26,  second-class  road  crossing  230  ieet  north  of,  center  of 
track • 

Filbert  station,  Carolina  and  Northwestern  Rwy.,  road  crossing,  cen- 
ter of  t  rack 

Second-class  road  crossing,  center  ot  railroad  track 

Public-road  crossing,  400  feet  south  of  trestle  over  Allison  Creek,  cen- 
ter of  track 

Public-road  crossing.  1  mile  north  of  Allison  Creek,  center  of  track 

Clover  station,  second-class  road  crossing.  0.75  mile  soutn  of 

Clover  station,  road  crossing  75  feet  south  of.  center  of  track 

Clover  station,  front  face  of  store  in  Doctor  Campbells  Dlock  opposite 
bronze  tablet  stamped   'rnm.  Trav.  Sta.  No.  I.  1906" 

Milepost  35,  second-class  road  crossing  1.300  feet  south  of 

Milepost  .Hi.  pubiic-road  crossing  at  cotton  factory 

Bowling  Green  station,  public-road  crossing  500  feet  southwest  o( 


NORTH  CAROLINA. 

North  Carolina-South  Carolina  State  line,  second-class  road  crossing 

at 

Crowders  Creek,  puhlic-road  crossing  700  feet  southeast  of  trestle  over, 

Crowdcrs  Creek,  public-road  crossing,  one-half  mile  north  ol  trestle 

over. 


Crowders  station,  in  lace  of  chimney  at  north  end  ol  residence  of  W.  D. 
Gillem.  bronze  tablet  stamped  '£lev.  777  Columbus  1900"  and 
•  •  Pnm.  Trav.  Sta.  No.  2.  1906. ' 

Ridge  station,  pubiic-road  crossing  I  mile  south  of 

Ridge  station,  public-road  crossing  f.OOO  feet  north  of 

Ridgo  station,  pubiic-road  crossing  1.25  miles  north  of 

Catawba  Creek,  trestle  over 

Oastonla,  crossing  of  Carolina  and  Nortnwestem  and  Southern  Rwys. 
at 


Latitude. 

o 

;/ 

34 
35 

59 
00 

56.0 
40.1 

35 

01 

21.5 

35 
35 

02 
03 

57.5 
39.1 

.35 
35 
35 
35 

03 
05 
05 
06 

56  5 
01.8 
49  4 
393 

35 
35 
35 
35 

06 
07 
08 
09 

40.7 
53.3 
57.1 
12  0 

35 
35 

09 
10 

28.4 
022 

35 

10 

26.0 

Gastonia  set  m  southwest  corner  ot  public  square  about  300  feet  south- 
west of  passenger  station  at,  P.  B.  M.  post  stamped  Prim.  Trav. 
SU.  No.  3, 1906^' 


35  10  50  3 

35  11  54.6 

36  12  45.2 
35  13  67.8 
35  14  47.6 

35  15  51.8 


35    16    49.6 


Longitude. 


81  14  09.6 

81  14  2a  7 

81  15  06.5 

81  14  69.6 

81  14  11.6 

81  13  31.2 

81  13  35.4 

81  13  67.3 

81  13  34.8 

81  13  34.4 

81  12  62.0 

81  12  41.7 

81  12  22.0 


81  11  52.0 

81  11  4a  8 

81  U  46.1 

81  12  21.4 

81  12  32  9 

81  12  01.2 

81  11  39.1 

81  11  09.5 

81  10  40.3 

81  11  0L2 


KINGS  MOUNTAIN  QUADRANGLE  (CLEVELAND  AND  GASTON  COUNTIES,  N.  C. *,  CHEROKEE 
AND   YORK   COUNTIES,    S.    C). 

Geographic  positions  along  Southern  Railway  between  Gastonia  and  Kings  Mountain,  N.C. 


Station. 

Latitude. 

o         /        ** 

36    15    47.2 

35    16    52.3 
35    16    43.7 
35    17    04.0 
35    16    56.9 
35    17    03.3 
35    16    58.0 
35    16    52.9 
35    16    17.1 
35    15    O&l 
35    14    21.0 
35    14    26.7 
35    13    08,2 

35    12    52.0 

35    12    27.72 
35    14    20.3 

Longiti 

o            / 

81    11 

81    12 
81    13 
81     14 
81     16 
81     17 
81     17 
81     18 
81     19 
81     19 
^    20 
81    20 
81    20 

81    19 

81    18 
81    20 

Jde. 

Toray  cotton  mills,  public-road  crossing  600  feet  north  of 

50.2 

Arlington  cotton  mill,  second-class  road  crossing  50  feet  east  of  rpur 
track 

39.8 

Milepost  405,  second-class  road  crossing  200  feet  west  of 

58.7 

Public-road  crossing 

Bessemer  City.  0.75  mile  northeast  of.  second-class  road  crossing 

Bessemer  City  station,  50  feet  southeast  of,  crossing  of  main  track 

Bessemer  City  station,  overhead  road  crossing  0.75  mile  west  of 

Vantines  station  public-road  crossing  1.200  feet  west  of 

23.6 
l&l 
02.6 
42.  G 
22.8 

Milepost  411  second^ilass  ro^d  crossing  40  feet  northeast  of  . 

07.3 

AtKkl&  Mills,  public-road  crossing  just  east  of  station 

58.0 

Kings  Mountain  station,  road  crossing  300  fwt  north  of 

41.2 

Kln^  Mountain  four  comers  at  east  edg;e  of ..     .  .j 

11.4 

Kings  Mountain  triangulation  point,  forks  of  road  about  1  mile  west  of. 

Intersection  of  second-class  roads  east  and  north  and  public  road 

southeast,  10  feet  north  to  mail  box  at  pine  tree 

03.7 
42.2 

Kings  Mountain  triangulation  station,  on  highest  point  of  Kings 
Mountain.  3  miles  southeast  of  station  and  postolHce  of  sam?  name 
and  31  miles  west-southwest  of  Charlotte.  N.  C.    Height  of  station, 
1,700  feet.    Station  mark:  A  glass  lamp  shade  filled. with  ashes, 
plugged  at  both  ends,  with  a  orlck  platform  5  feet  square  laid  in 
cement,  over  it,  with  the  diagonal  of  the  square  north,  south,  cast, 
and  west  (true),  a  square  hole  8  inches  on  a  side  being  left  at  station 
center 

45.53 

Kin^s  Mountain,  set  at  east  building  line  at  corner  where  porch  joins 
St rr«t  crossing  and  about  250  feet  north  of  passenger  station,  iron 
post  stampea" Prim.  Trav.  Sta*  No.  4, 1906" 

42.3 
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66  PRIMARY    TRIANGULATION    AND   PRIMARY    TRAVERSE. 

Geographic  positions  along  highways,  North  Carolina. 


Station. 


Kings  Mountain  station.  1.25  miles  west  of.  forks,  public  roads  north- 
east and  soutlicast.  35  feet  north  to  biack  gum,  60  feet  east  to  tele- 
graph pole 

Second-class  road  to  south  at  new  dwelling,  30  feet  southwest  to  oak 
tree.  25  feet  west  to  pine  stump 

Second-class  north-south  crossroads.  30  feet  northwest  to  J.  W.  Shart's 
mall  box,  No.  14,  25  feet  northeast  to  small  pine 

Public  roads  northwest  and  west,  fork  of  pine  trees  at,  line  turns  west. 

Second-class  road  to  northwest,  JO  feet  northeast  to  oak  stump 

Public  roads,  east  and  south  forks  of;  35  feet  northwest  to  tel^raph 
pole,  40  feet  north  to  oak  bush  on  bank 

Buffalo  Creek,  900  feet  east  of  bridge  over,  forks  of  road  south  uphill, 

.  40  feet  south  to  oak  tree.  30  feet  north  to  telegraph  pole 

Four  corners,  second-class  crossroads  southwest  and  northeast,  40 
feet  east  to  double  oak  tree.  35  feet  northwest  to  double  oak  tree  . . . 

Shelby.  3  miles  southeast  of.  public  crossroads,  four  corners,  24  feet 
east  to  telegraph  pole.  36  feet  southwest  to  signpost 

Four  corners,  public  crossroads  at  blacksmith  s  shop.  50  feet  south- 
west to  II.  i/L.  Byer's  mall  box,  40  feet  southeast  to  small  apple  tree. 

Four  corners,  public  crossroads.  25  feet  east  to  old  peach-tree  stump. 


Latitude. 


Longitude. 


35 

14 

26l4  1 

81 

21 

5i3 

35 

14 

1&2 

81 

23 

1L$ 

35 
35 
35 

14 
14 
14 

35.1 
58.4 

49.8 

81 
81 
81 

24 
24 
25 

mi 

4S3 

35 

14 

39.1 

81 

26 

35.i 

35 

15 

14.1 

81 

27 

2^5 

35 

15 

46.3  1 

81 

28 

K« 

35 

16 

29.8 

81 

29 

4B.5 

35 
35 

15 
14 

18.2  1 

46.3  , 

81 
81 

30 
3D 

33.5 

Geographic  positions  along  Southern  Railway  between  Patterson  Springs  and  Blad^niTg. 


Station. 


Latitude. 


Longitude. 


NORTH  CAEOLINA.  j 

Patterson  Springs  station,  75  feet  north  of,  public-road  crossing  of  ! 

Southern  Rwy • 

Patterson  Springs  station,  1.25  miles  south  of,  public-road  crossing. . . 

Public-road  crossing ' 

Earl  station,  250  feet  north  of,  public-road  crossing 

Earl  station,  1  mile  south  of.  second-class  road  crossing ' 


35 


SOUTH  CAROLINA. 

North  Carolina-South  Carolina  State  line  crossing 

Second-class  road  crossing '. 

Water  mill,  public-road  crossing  just  south  of 

Blacksburg,  public-road  crossing  north  of  (tel^raph  road),  iJ7  feet 
northwest  to  nail  In  tie  at  road  crossing 

Blacksburg,  southwest  corner  of  Southern  Rwv.  park.  200  feet  south- 
west of  railroad  station  and  60  feet  south  of  center  of  main  track, 
iron  post  stamped  "Prim.  Trav.  Sta.  No.  12,  1906" 

Blacksburg.  main  track  of  Southern  Rwy.,  at  west  end  of  girder  span 
over  Ohio  River  and  Charleston  R.  R 

Blacksburg,  0.75  mile  southeast  of,  public-road  crossing 

Blacksburg.  1  mile  southeast  of,  public-road  crossing  Ohio  River  and 
Charleston  R.  R.,  spur  line  to  Gaffney 


13  59.7 

35    13  05.3 

35    12  18.4 

35    11  45.8 

35    10  55.6 


35  10  17.8 

35  00  29.7 

35  08  47.4 

35  06  09.2 


35    07    22.8 


35    07    31.1  I 
35    06    30.2  1 


35    06    04.5 


81  30  57  9 

81  31  44  9 

81  31  StT 

81  32  01» 

81  ;s2  04  4 


81  32  i:  : 

81  32  4i.: 

81  32  ll.Q 

81  31  53^7 


81    30    &« 


81    30    9&1 
81    30    211 


81    30    52.5 


Geographic  positions  along  highways,  South  Carolina. 


Station. 


Latitude. 


Longitode. 


Blacksburg,  2  miles  southeast  of.  public  crossroads,  forks  of 

Ilopeville  Church,  forks  of  road  200  feet  west  of,  251  feet  northeast  tooak 
Forks  ol  public  roads  west  and  northwest,  on  Southwest  slope  of 

JetTerson  Mountain,  30  feet  north  to  small  pine 

Four  corners  at  public  crossroads,  00  feet  south  to  oak  tree,  50  feet  west 

to  oak,  4Q  feet  northeast  to  mail  box 

Forks  of  public  roads  south  and  southeast,  0.50  mile  north  of  bridge 

over  Kings  Creek.  25  feet  south  to  bunch  of  plum  bushes 

Forks  of  second-class  road  to  west,  10  feet  west  to  post,  20  leet  cast  to 

small  pine  tree 

Wolf  Creek.  0.25  mile  northwest  of,  second-class  road  to  east,  25  feet 

northeast  to  small  pine  tree, 800  feet  southeast  to  house  on  top  of  hill. 

Wolf  Creek,  center  of  l)ridge  over , 

Broad  River  schoolhouse.  three  corners  at,  10  feet  south  to  oak  tree, 

20  feet  north  to  center  main  road 

Forks  of  roads  southwest  and  south.  30  feet  southwest  to  pine , 

Four  corners  at  second-class  crossroads,  0.50  mile  north  of  Mud  Creek, 

25  feet  southeast  to  four  mail  boxes 

Forks  ol  roads  northwest  and  northeast,  10  feet  north  to  stake  painted 

"632,"  15  feet  east  to  pine  stump 


35  05  22.9  1 

35  04  43.1  I 

35  04  10.3 

35  03  27.6  I 

35  02  49.2  I 

o5  02  24.0  . 

o5  02  29. 7 

35  02  27.8 

35  01  36.7 

35  00  49  1 

35  00  21  5 

34  59  50.0 


81     30 
81    30 


81 
81 
81 
81 


2s* 


2S 


81  28 

81  27 

81  27 

81  27 

81  27 

81  27 


Oft.3 

41  * 

2SlO 

on; 

44  1 

»<« 

35l4 
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SHELBY   QUADRANGLE    (CLEVELAND   COUNTY,  N.  C.)- 

Geographic  positions  along  highways. 


Station. 


Shelby,  6  miles  east  of,  four  corners,  crossroads,  24  feet  east  to  tele- 
phone pole,  36  feet  southwest  to  signpost 

Shelby,  3  miles  east  of,  50  feet  northwest  of  intersection  of  crossroads, 
iron  post  stamped  "Prim.  Trav.  Sta.  No.  5.  190(>" .. 

Second-class  forks  of  road  to  southwest,  30  feet  southwest  to  small 
oak,  15  feet  east  to  B.  M.  llabright's  mail  1k)x 

Shelby,  intersection  of  Washington  and  Warren  streets 

Shelby,  100  feet  southeast  of  southeast  corner  of  Cleveland  County 
court-house,  south  meridian  stone,  "Prim.  Trav.  Sta.  No.  6, 1906".. 

Shelby,  T  road  west  of,  center  of  grass  plot,  25  feet  east  to  oak,  2.25 
miles  to  Zonar,  30  feet  west  to  cedar 

Broad  River,  center  of  iron  bridge  over 

Forks  of  road.  0.12  mile  west  of  bndge  over  Bushy  Creek,  roads  west 
and  southwest,  fiO  feet  northeast  to  small  bridge,  60  feet  southwest 
to  small  stream 

Bushy  Creek,  1  mile  west  of,  four  corners,  40  feet  southwest  to  corner 
of  front-yard  fence,  50  feet  northeast  to  potato  house 

Three  comers,  second-class  T  road  south,  30  feet  southeast  to  new 
garden  fence,  80  feet  northwest  to  oak 

Three  comers,  second-class  T  road  south,  25  feet  southwest  to  north- 
east comer  of  store,  26  feet  north  to  telephone  pole 

Lattimore,  2.5  raiies  south  of,  7  miles  west  of  Shelby  and  3  miles  east 
of  Mooresboro,  in  southeast  comer  of  intersection  of  crossroads,  iron 
post  stamped  "Prim.  Trav.  Sta.  No.  7,  1906" 

Socond-class  crossroads,  30  feet  west  to  two  small  oaks,  5  feet  south  to 
oak  stum p 

Forks  at  Sandy  Run  Creek,  crossroads  northeast  and  southeast,  east 
end  of  bridge  over  creek 

Mooreslwro,  east  edge  of,  forks  at  top  of  hill,  crossroads  northwest 
and  west,  50  feet  northeast  to  corner  of  front-yard  fence,  30  feet 
southwest  to  front  gate  of  2-story  white  dwelling 

Mooresboro  station,  600  feet  north  of,  road  crossing  Southern  Rwy., 
center  of  track .*. . . 

Crossroads  at  cotton  gin,  four  corners  70  feet  southwest  to  northeast 
corner  of  boiler  house 

Second-class  forks  of  road  to  south,  30  feet  north  to  telephone  pole, 
25  feet  south  to  two  mall  boxes 

Four  comers,  crossroads.  20  feet  southwest  to  oak  tree,  30  feet  east  to 
pi  ne  t  ree 

Oak  tree  at  forks,  roads  southwest  to  Henrietta  and  northwest  to 
Caroline  Mills 

Henrietta,  0.5  mile  east  of,  four  corners,  44  feet  southeast  to  primary- 
traverse  station  No.  8 

Henrietta,  0.5  mile  east  of,  in  southeast  corner  of  intersection  of  cross- 
roads, at  northwest  cornef  of  residence  of  Thos.  Harris,  iron  post 
stamped  "Prim.  Trav.  Sta.  No.  8,  1906" 

Road  crossing,  1  mile  east  of  Henrietta,  center  of  track 


Latitude. 

o 

, 

„ 

35 

16 

29.8 

35 

16 

30.1 

35 
35 

16 
17 

46.1 
26.9 

35 

17 

27.9 

35 
35 

17 
17 

21.4 
40.4 

35    17    39.0  I 
35    17    42.3  i 


35 

17 

32.2 

35 

17 

43.9 

35 

17 

49.8 

35 

17 

53.9 

35 

17 

51.2 

35 

17 

60.5 

35 

17 

36.2 

35 

17 

10.8 

35 

16 

46.4 

35 

16 

29.9 

36 

15 

56.8 

35 
35 

15 
15 

66.5 
22.1 

Longitude. 

o  /         // 

81  29  48.5 

81  29  4S.9 

81  3L  13.6 

81  32  20.6 

81  32  22.0 

81  33  46.8 

81  34  14.7 

81  34  66.9 

81  35  52.2 

81  36  57.3 

81  38  14.2 

81  39  14.6 

81  40  11.4 

81  40  66.9 

81  41  46.4 

81  42  06.9 

81  43  20.9 

81  44  03.4 

81  44  52.6 

81  46  08.4 

81  46  66.3 


81    46    66.0 
81    46    36.6 


GAFFNEY  QUADRANGLE  (CLEVELAND  COUNTY,  N.  C;    CHEROKEE  COUNTY,  S.  C). 

Geographic  positions  along  highways. 


Station. 


NOBTH  CAROLINA. 

Cllffside,  north  edge  of,  200  feet  southwest  of  church  and  schoolhouse, 
roads  north  ana  east,  60  feet  northwest  to  telephone  pole 

Forks  oi  roads  south  and  southeast,  10  feet  north  to  signboard  *  New- 
ferry  i  mile,"  40  feet  south  to  signboard 

North  landing  of  New  or  Snug's  ferry  across  Broad  River,  2  miles 
south  of  ClifTside 

New  Ferry,  forks  0.75  mile  south  of,  roads  south  and  southeast,  60 
feet  north  to  oak,  10  feet  west  to  pine  stump. 30  feet  east  to  Richard 
White's  mail  box 

Luck  Creek.  0.5  mile  south  of,  forks  of  road,  roads  south  and  south- 
cast.  20  feet  southwest  to  telej)hone  pole,  30  feet  east  to  pine 

Prospect  Church,  four  comers  700  feet  east  of,  20  feet  east  to  telephone  I 
pole.  10  feet  southeast  to  pine | 

Small  oak  tree  at  second-class  T  road  west 

Oak  tree  at  three  corners,  T  road  east I 

Bull.  310-07 6 


Latitude. 

o 

35 

14 

4a9 

36 

13 

6a9 

35 

13 

2L1 

35 

12 

5a2 

35 

12 

14.8 

35 
36 
36 

12 
10 
10 

01.7 
550 
08.7 

Longitude. 


81  46  03.2 

81  46  lai 

81  45  4a  6 

81  45  35.3 

81  46  14.7 

81  46  12.2 

81  45  45u3 

81  45  34.4 
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68  PRIMARY    TRIANGULATION    AND   PRIMARY    TRAVERSE. 

Oeograjjhic  positions  cdang  highways — Continued. 


Station. 


Latitude. 


Longitiide. 


SOUTH  CABOUNA. 


Maud  post-office,  crossroads.  30  feet  southeast  to  oak,  35  feet  west  to 
pine. 


Maud  post-office,  1.4  miles  southwest  of,  forks  of  roads  east  and  south- 
east, 25  foct  north  to  oak  tree,  15  feet  south  to  doubie  oak 

Forks  of  roads  east  and  southeast.  New  Cut  road  to  southeast,  30  feet 
southeast  to  oak.  10  feet  north  to  small  double  oak 

Large  oak  at  forks,  roads  south  and  southwest 

Maud  post-offlce,  3.5  miles  southwest  .f,  0.76  mile  west  of  Thickety 
Mountain,  in  northwest  comer  of  intersection  of  crossroads,  iron 
Dost  stamped  "Prim.  Trav.  Ste.  No.  9, 1906" 

Tnickety  Mountain,  highest  point  on  top  of 

Four  comers  north  and  southeast,  second-<rla88  road  southwest  and 
northwest,  40  feet  south  tocomerof  log  crib,  40  feet  northwest  to  oak 
in  comer  of  tmmyard 

Forks,  200  fret  south  of  new  schoolhouse,  roads  northwest  and  south- 
west, 40  feet  west  to  two  mail  boxes,  10  feet  south  to  pine 

Forks  of  road  to  south,  second-class  road  to  southeast,  10  feet  west  to 
Lender's  mail  box  No.  34 

Thickety  Creek,  center  of  bridge  over 

Four  comers,  16  feet  north  to  small  bridge,  60  feet  southwest  to  well, 
25  feet  east  to  cherry  tree 

Four  comers,  20  feet  north  to  small  double  oak,  30  feet  northwest  to 
four  mail  boxes 

Forks  of  second-class  road  to  northeast,  100  feet  north  of  red  house,  10 
feet  cast  to  oak,  15  feet  northeast  to  oak 

Thickety,  1  mile  northwest  of,  center  of  triangle  grass  plot 

Road  crossing  Southern  Rwy.0.25  mile  west  of  Thickety  station,  center 
ol  track 

Forks  of  second-class  road  to  southeast,  20  feet  northeast  to  small  oak. 

Little  Thickety  Creek,  center  of,  at  ford, 

Goucher  post-office,  forks  of  road  1  mile  northwest  of,  10  feet  southwest 
to  small  pine,  30  feet  east  to  small  pine 

Four  comers  125  feet  southeast  of  C.  E.  Smith's  store  (Goucher  post- 
office) 

Goucher  post-office,  southeast  comer  of  store  and  post-offlce,  iron 
post  stamped  "  Prim.  Trav.  Sta.  No.  10,  1906" 

South  end  of  covered  bridge  over  Thickety  Creek,  0.76  mile  north  of 
Goucher 

Three  comers,  second-class  T  road  to  south,  near  top  of  hill  and  oppo- 
site two-room  log  dwelling 

Second  class  fork  to  west.  50  feet  northeast  to  pine 

Gaffney.  5  miles  south  of,  four  comers  at  cotton  gin,  1.5  miles  north-  I 
west  of  church  at  crossroads,  5  feet  south  to  small  bridge 

Corinth  Church,  0.5  mile  southeast  of.  forks  of  roads  south  and  south- 
east, 30  feet  east  to  oak  and  pine,  4  feet  northeast  to  oak 

Triangle  grass  plot  at  forks  of  roads  northeast  and  southeast,  5  feet 
west  to  M.  C.  and  C.  A.  Spencer's  mall  box,  10  feet  east  to  clump  of 
small  ash  trees 

Forks  100  feet  north  of  house  on  hill,  second-class  road  to  northeast, 
50  feet  north  to  comer  of  garden,  50  feet  south  to  comer  of  garden.. 

Four  comers,  crossroads,  90()  feet  west  of  brick  house,  30  feet  east  to 
small  oak,  20  feet  south  to  small  pine 

Forks  0.5  mile  northeast  of  Gilker  Creek,  roads  northeast  and  south- 
east 


35  06    4&8  I 

36  07    5a  7  I 
35    07    3ft  3 


35 

07 

22L0 

35 
35 

06 
06 

5a2 
47.9 

35 

06 

348 

35 

06 

08L7 

35 

06 

57.4 

35    05    0a2 


35  04 

35  03 

35  02 

35  01 

35  00 

35  00 

35  00 

34  89 

34  58 

34  58 

34  59 

34  59 

35  00 

35  00 

35  00 


ia9  j 
2ft5 


17.0 
1&4 

5&3 
33.8 
04.6 

14  4 

52.8 

5aL6| 

2&4 

27.5 
07.8 


37.0 
2a7 


WUkinsvlUe,  3.25  miles  northwest  of,  T  road  southwest,  20  feet  south- 
west to  oak  stump.  15  feet  southeast  to  oak  snag 

Forks  of  stHJond-class  road  north,  20  feet  east  to  oak,  26  feet  northwest 
to  I.  G.  Patrick's  mail  box,  No.  22 

Wilkinsville,  0.75  mile  northwest  of,  four  comers,  second-class  cross- 
roads, 50  feet  west  to  cedar 

Wilkinsville,  at  southeast  comer  of  C.  W.  Whesonant's  store,  iron 
post  stamped  "Prim.  Trav.  Sta.  No.  11,  1906" 

Forks,  350  feet  east  of  ford  of  creek,  roads  east  and  southeast  to  buncli 
of  ash  tn^s 

Forks  of  roads  southwest.  25  feet  northeast  to  large  oak,  30  feet  south- 
east to  doubie  pine 

West  bank  of  landing  of  Broad  River  at  Smith's  ford 

La  rge  tree  at  forks  of  road  300  feet  east  of  east  bank  of  Broad  River  at 
Smith's  ford 

Smith's  ford,  1  mile  east  of.  at  northeast  comer  of  front-yard  ftence  of 
residence  of  T.  Smith,  on  top  of  hill,  iron  post  stamped  "  Prim.  Trav. 
Sta.  No.  7,  1905" 


35  00  2a5 

35  00  05l3 

34  59  3&3 

34  50  347 

34  50  56l7 

34  59  346 

34  58  39.4 

34  58  18  4 

34  58  348 

34  59  17.0 

34  59  43  2 

34  59  4L8 

34  59  03.4 


81    44   47.1 
81    46  &: 


81     46    4aT 
81    46    2&T 


81    47    6i3 

81    46   O&S 


81  47  0&$ 

81  46  0L5 

81  45  32.  e 

81  45  2IS 

81  45  3&I 

81  45  cr.o 

81  44  4L^ 

81  44  ST.S 

81  43  29.  f 

81  43  55.9 

81  42  xt: 

81  42  311 

81  41  C.» 

81  41  4v« 

81  41  r.i 

81  «  S.S 

81  39  xr 

81  38  5L4 

81  38  0&4 

81  37 

81  » 

81  SS 

81  35 

81  34 

81  32 

81  33 

81  31 

81  30 

81  29  &» 

81  2»  0&: 

81  28  5i* 

81  28  08.9 
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EASTERN    DIVISION. 


69 


OHIO. 

PRIMARY  TRAVERSE. 

COSHOCTON,  DEFIANCE,  FAIRFIELD,  FULTON,  GUERNSEY,  HENRY, 
LICKING,  LUCAS,  MORGAN,  MUSKINGU^I,  NOBLE,  PAULDING,  PERRY, 
WILLIAMS,    AND   WOOD  COUNTIES. 

BBTAH,  BUTLER,  OALDWELL,  OAMBRIDOE,  COITESVILLE,  COimHENTAL,  COSHOCTON,  OTTK- 
BBBLAVD,  DEFIAirOE,  DS8HLSB,  EDOH,  FRAZEYSBTTBO,  GBAliVILLE,  LOOAV,  H'CLXJRE, 
MOHTFELISR,  KEWABS;  HEW  COKEBSTOWN,  NEW  LEXHTOTOV,  OTTAWA,  PAXTLDIHO, 
FHILO,  8T&YKER,  SUOAlteBOVE,  BWAVTOH,  THORHVILLE,  TEUKBTOV,  WAUBEOH.  AHD 
ZA5S8TILLS  QUASEAVGLES. 

During  the  season  of  1905,  J.  R.  Ellis,  assistant  topographer,  ran 
658  miles  oi  primary  traverse  to  control  the  above-mentioned  quad- 
rangles. These  quadrangles  are  situated  in  two  general  localities — 
one  group  being  in  the  northwest  comer  of  the  State,  the  other  ijear 
the  central  portion  of  the  State,  immediately  east  of  Columbus. 

The  lines  were  tied  to  points  previously  located  by  primary  tra- 
verse and  also  to  triangulation  stations  Correy,  Sago,  and  Widder. 

BRYAN   QUADRANGLE    (DEFIANCE    AND   WILUAMS   COUNTIES). 

Geographic  positions  along  highways. 


Station. 

Latitude. 

Longitude. 

The  Bond,  railroad  crossing  Oft  icet  east  of  station 

O                           ff 

41    10    57.1 
41     17    4a  6 
41     18    38.8 
41     19    31.1 

84    30    55  1 

T.  4  N.,  R.  3  E. ,  comer  sees.  15,  Itt,  21,  and  22,  cross  piJces 

84    30    55.6 

T.  4  N.,  R.  3  E.,  comer  sees.  9, 10, 15,  and  16,  crossroads 

84    30    56l0 

T.  4  N.,  R.  3  E.,  comer  sees.  3,  4,  9,  and  10,  crossroads 

84    30    5&2 

Geographic  positions  along  Cincinnati  Northern  Railroad  near  east  border  of  quadrangle. 


Station. 

La 

tltude. 

/       ff 

20  22.8 

21  15i3 

22  33.7 

23  52.2 

24  44.2 

25  3a8 

26  29.3 

27  21.9 

28  0&8 

Longitude. 

Moats,  railway  crossing  0.5  mile  north  of , 

o 

41 
41 

41 
41 
41 

41 
41 
41 
41 

o 

84 
84 

84 
84 
84 

84 
84 
84 
84 

31 
31 

31 
31 
31 

31 
31 
31 
32 

ff 

3a  4 

Moats,  railway  crossing  1.5  miles  north  of , 

31.1 

Ney,  0.5  mile  south  of,  in  northwest  oomer  of  nasture  owned  by  John 
Burt,  at  east-west  crossing  of  Baltimoreand  OhioRwy,;  nail  in  north 
face  of  walnut  tree  liears  S.  Q°  W.,  distant  18  feet;  east  rail  of  track  at 
north-south  crossing  l^ears  N.  74°  W,  distant  61  feet;  iron  post 
stamped  •'Prim.  Tmv.  Sta.  No.  14,  1905" 

31  6 

Ney.  railway  crossing  east  and  west  1  mile  north  of 

33  0 

Ney,  railwav  crossing  east  and  west  2  miles  north  of 

33  0 

Peflance- Williams  county  line,  east-west  road  crossing  of  Cincinnati 
Northern  R.  R 

34  ? 

Defiance-Williams  county  line,  east-west  road  crossing  1  mile  north  of. 
Bryan,  east-west  crossing  1.26  miles  south  of 

34.9 
37,9 

Bryan,  crossing  400  feet  south  of  tank  on  Cincinnati  Northem  R.  R. . . , 

31.1 

Digitized  by  VjOOQIC 


70  PRIMARY    TRIANGULATION    AND   PRIMARY    TRAVERSE, 

Geographic  positions  near  south  border  of  quadrangle. 


Station. 


Latitude. 


Loi^itiKk>. 


T.  G  N.,  R.  3  E.,  northeast  corner  see.  11,  In  northwest  comer  of  field 

owned  by  S.  J.  Bowman,  south wpst  corner  of  schoolhouse  bears  N. 

26'»  aCK  E.,  distant  161  feet:  iron  post  stamped  **  Prim.  Trav.  Sta.  No. 

15.  1905" 

T.  3  N. ,  R.  2  E. ,  northeast  comer  of  sec.  3,  in  northeast  comer  of  field  of 

Henry  Martin,  inm  post  stamped  "  Prim.  Trav.  Sta.  No.  7,  1905"... 

T.  4  N..  R.  2  E..  south  comer  sees.  33  and  34.  T  road  north 

T.  4  N.,  R.  2  E. ,  south  comer  sees.  32  and  33.  T  road  north 

Tps.  Sand  4  N.,  Rs.  1  and  2  E.,  comer  sees.  1.  6.  31,  and  36,  crossroads.. 


41    29    58.7 


84    2^    Iv: 


41 

15 

09L0 

M 

36 

?s  «» 

41 

15 

08.9 

84 

37 

«\: 

41 

15 

0S.6 

S4 

»^ 

57- 

41 

15 

07.9 

h4 

41 

19? 

Geographic  positions  near  west  harder  of  quadrangle. 
Station.  Latitude. 


Longitodf. 


T.  3  N.,  R.  1  E.,  north  comer  »cs.  1  and  2,  T  road  south 41  15  07.8 

T.  4  N.,  R.  1  E.,  south  corner  sees.  34  and  35 41  15  07.8 

Edperton,  3  miles  north  of.  In  southwest  comer  of  yard  to  schoolhouse  j 
No,  22,  St.  Joseph  township,  southwest  comer  of  schoolhouse  bears 
N.  62*'  40  E.  distant  61  feet;  iron  post  stamped  "Prim.  Trav.  Sta.  i 

No.21,1905" 41  29  38.3 

T.  6  N.,  R.  I  E.,  corner  sees.  9,  10,  15,  and  16,  T  road  west 41  29  01.7 

T.  6N.,  R.  1  E.,  sees.  15,  le,  21,and22,  Troadeast 41  28  09.5 

T.  5  N.,  R.  1  F:.,  comer  sees.  3  and  4,  Defiance- Williams  county  line 41  25  33.1 

T.  5  N.,  R.  1  E.,  comersecs.  3,  4,  9,  and  10,  crossroads ,  41  2\  40.6 

T.  5  N.,  R.  1  E.,  comer  sees.  9,  10,  15,  and  16,  crossroads 41  23  48.7 

T.  5  N.,  R.  1  E.,  comer  sees.  15,  16,  21,  and  22,  crossroads 41  22  56.3  1 

T.  5  N.,  R.  1  E.,comer8ecs.  21,22,  27,  and  28,  crossroads 41  22  04.3 

T.  5  N.,  R.  1  E.,  4  miles  north  of  Hicksville,  northwest  comer  sec.  34, 
northwest  comer  of  yard  to  school  yard  No.  9,  limestone  post  38  by  i 

6  by  4  inches,  aluminum  tablet  stamped  **  Prim.  Trav.  Sta.  No.  22*'.  41  21  11.8  1 

Tps.  4  and  5  N.,  R.  1  E.,  comer  sees.  3,  4,33,  and  34,  crossroads 41  20  20.0, 

T.  4  N.,  R.  1  E.,comersecs.  3,  4,  9,  and  10,  crossroads I  41  19  28.6 

Hicksville,  Bryan-Hicksville  pike  at  road  north,  1  mile  northeast  of  . . .;  41  18  10. 7  I 

Hicksville,  High  street  at  Antwern  pike  south,  in  southwest  part  of  .  .j  41  17  23.3 
Hicksville,  crossroads  2  miles  soutn  of,  25  feet  northwest  to  north  end  I 

of  culvert,  45  feet  southeast  to  cross  cut  on  telephone  pole '  41  15  5fl.  8 

Antwerp,  5  miles  north  of,  in  northwest  comer  of  field  of  Everett  Lones-  I 
worth,  at  crossroads,  1.5  feet  southeast  of  large  comer  fence  post,  I 

iron  post  stamped  "Prim.  Trav.  Sta.  No.  1,  1905" '  41  15  07.6 


84  42  J.  : 
84  43  >.' 


84  44  .V  « 

84  44  X  . 

84  44  i;  3 

84  44  i4  7 

84  44  5^  • 

84  44  .V^  i 

84  44  0.  « 

84  44  SI.* 


84  44  50 -■ 

84  44  J(»  : 

84  44  r*  ^ 

84  44  i^  * 

84  45  &  i 

84  4.1  4)1 1 


84  45  >  : 


BUTLER   QU.\DRAN«LE    (DEFIANCE    AND   WILLIAMS   COINTIES). 

Geographic  positions  along  highways  near  Ohio-Indiana  State  line. 


Station. 


T  4  N.,  R.  1  E.,  south  comer  sees.  31  and  32,  T  road  north 

T.  5  N.,  R.  1  K.,  corner  sees.  29,  30,  31,  and  32,  crossroads 

T.  5  N.,  R.  1  E.,  corner  sees.  19,  20,  29,  and  30,  crossroads 

T.  5  N..  R.  1  E..  corner  sees.  17,  18.  19,  and  20,  crossroads 

Ohio-Indiana  State  line,  center  of  road 

Edpprton,  3  miles  .southwest  of,  T  road  west  near  schoolhouse,  40  feet 
southcMst  to  walnut  tree  on  fence  line  30  feet  northwest  to  cross  on 
comer  fence  popt 

Tps.  5  and  6  N.,  R.  1  E.,  corner  sees.  1,6,  31,  and  36.  T  lane  east 

Ohio-Indiana  State  line,  post  on,  near  Lake  Shore  and  Michigan  South- 


Latitude.      ' 

LongitT*t». 

o        /        ,,        1 

e          »          .. 

41     15    07.9  1 
41    21     11. K 
41     22    04.0 
41    22    56.1 
41     23    10.8 

84  47  IT: 
84  47  t^  : 
84  47  c*»* 
84  47  OS  <; 
84     48     12  f^ 

41     24    44.6  ' 
41     25    »2.S 

84  47  r  • 
84     4>     IJt 

em  Rwv                                                          

41 
41 

41 

41 

41 
41 

26 
26 

26 

27 

27 
29 

17.8 
13.7 

33.2 

43.6 

43.2 
01.4 

84 
84 

84 

M 
84 

48 

48 

46 

46 

♦8 

4S 

»*  - 

Astronomic  value 

(fr.^ 

Edpcrton,  road  crossing,  south  mil  of  north  track  I^ke  Shore  and 
Michigan  Southern  Rwv.,  1.5  miles  southwest  of 

>  " 

ICdpciton,  T  road  south  1.'5  miles  west  and  1  mile  north  of,  25  feet  south- 
cast  to  cross  on  comer  fence  post,  27  feet  southwest  to  cross  on  comer 
fence  post                                                            .       

3S.5 

Ohio- Indiana  State  line,  stone  at  tum  of  road  and  600  feet  south  of  T 
roH(l  west 

»'' 

T  6\     K   1  F    sees  7  and  18  T  road  east  at  west  comer  of 

15  7 
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OHIO. 

CALDWELL  QUADRANGLE    (NOBLE   COUNTY). 

Magnetic  declination,  north  border,  2°  21'  west. 
Geographic  positions  along  highways. 


Station. 


Latitude. 


Correy  triangulation  station,  in  Olive  Township,  on  summit  of  hill 
locally  known  as  Correy  Knob,  on  land  of  John  Hughes,  covered  with 
a  peach  orchard.  Station  mark:  A  stone  post  40  by  6  by  6  inches 
set  36  inches  in  the  ground,  in  center  of  top  of  which  is  cemented  a 
bronze  triangulation  tablet 

Sharon,  T.  6  S.,  R.  9  W..  comer  sees.  5,  6,  7,  and  8,  crossroads 

Sharon,  1.5  miles  west  of,  Nicolas  f  J.)  residence,  just  south  of,  T  road 
.southwest,  9  feet  west  to  J.  Wallace's  mail  box 

Olive  Green,  T  road  south,  11  feet  due  south  to  center  of  small  bridge 


o 

, 

,, 

39 
39 

43 
44 

27.31 
10.1 

39 
39 

44 
44 

22.9 
38.7 

71 


Longitude. 


81    32    47.22 
81    33    53.9 


81    35    29.9 
81    38    53.0 


CAMBRIDGE   QUADRANGLE    (cOSHOCTON    AND   MUSKINGUM   COUNTIES). 

Magnetic  declination,  north  border,  1°  57'  west;  west  border,  2°  09' 
west;  2°  10'  west. 

Geographic  positions  along  highways. 


Station. 


Latitude. 


Longitude. 


West  Lafayette,  2.5  miles  south  of,  McClain's  schoolhouse,  forks  of  | 
road  at,  24  feet  southeast  to  giildepost,  22  feet  northwest  to  cross  ' 
on  comer  fence  post. 


West  Lafayette,  3  miles  south  of,  at  guidepost "  Lafayette  3  mi.  Plain- 
field  4  mi.,"  T  road  north,  37  feet  northwest  to    " 


I  guidepost,  39  feet 
northeast  to  cross  on  telegraph  pole 

Bridge  over  Bacon  Run,  0.18  mile  north  of.  T  road  west,  30  feet  north- 
east to  front-yard  gate,  34  feet  southeast  to  mall  box , 

Plainfield,  0.5  mile  west  of,  crossroads,  30  feet  northeast  to  cross  on 
comer  fenc-e  post,  24  feet  southeast  to  sandstone  bowlder 

Flowing  well,  T  road  northwest  at,  14  feet  east  to  Sowing  well,  21  feet 
west  to  cross  on  comer  fence  post 


40    14    .37.3 


40    13    53.0 
40    13    12.8 


40    12    13.1  1 
40    11    22.2  1 


81    44    30.4 


81    44    41.2 
81    43    40.6 


81    43    30.1 
81    44    10.0 


CONESVILLE   QUADRANGLE    (COSHOCTON   AND   MUSKINGUM   COUNTIES). 

Magnetic  declination,  north  border,  0°  34'  east;  east  border,  2°  09' 
west,  2°  10'  west;  south  border,  1^  52'  west. 

Geographic  positions  along  Wheeling  and  Lake  Erie  Railroad  near  'Ellis. 


station. 

Latitude. 

O             f            It 

40    00    25.6 
40    01    46.9 
40    02    46.4 
40    03    33.1 

Longitude. 

Milepost  5,  north-south  road  crossing 

O             /             // 

81    58    59.9 

Lane's  poultry  farm,  private  road  crossing  at  spur 

81    69    36.7 

Ellis  station,  center  oi  track  opposite 

81    58    58. 4 

Trestle  135A,  north-south  roaa  crossing  under .  .  . 

81    58    49  7 
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72  PRIMARY   TRIANQULATION    AND    PRIMARY    TRAVERSE. 

Geographic  positions  along  Mghways. 


Station. 


McCleajy  (Seth)  residence,  0.25  miie  east  of,  T  road  north,  16  feet  north 
to  mall  box,  24  feet  northeast  to  cross  on  comer  fence  post 

Wilis  Creelc,  W.  Rodericlc's  bridge  over,  north  end  of 

T.  4  N.,  R.  5  W.,  quarter  comer  oetween  sees.  23  and  24,  stone 

Ots^o,  2  miles  north  of,  crossroads,  9  feet  southeast  to  J.  E.  Sim- 
mons's  mail  box,  18  feet  east  to  cross  on  fence  post 

Otsego,  in  southwest  comer  of  public  school  grounds,  iron  post 
stamped  " Prim.  Trav.  Sta,  No.  50, 1905" 

Otsego,  2.5  miles  south  of,  0.25  mile  northeast  of  covered  bridge,  cross- 
roads, 27  feet  northwest  to  cross  on  tel^raph  pole,  22  feet  southwest 
to  cross  on  gatepost 

D.  W.  Ross's  mall  box,  T  road  west 

Comer  of  sections  (no  numbers; 

Sego  triangulation  station,  on  a  bald  hill  4  miles  southwest  of  Sago, 
on  la,nd  of  .T.  \\  .  Camo««.  Station  mark:  A  limestone  post  40  by  7 
by  7  inches  set  39  inches  in  the  groxmd,  in  center  of  top  of  which 
is  countersunlc  and  cemented  a  bronre  triangulation  tablet  (Ohio). . , 


Latitude. 

Longitude. 

o 

, 

„ 

o 

, 

ft 

40 
40 
40 

10 
10 
09 

23.9 
00.7 
41.5 

81 
81 
81 

45 

46 
46 

37.9 
30.0 
22.2 

40 

06 

55.5 

81 

46 

(C.T 

40 

07 

04.3 

81 

45 

59.0 

40 
40 
40 

05 
03 
02 

Ob.  4 
29.8 
10.8 

81 
81 
81 

46 
46 

46 

0J.2 
36.5 
11.0 

40 

00 

42.40 

SI 

46 

55.70 

CONTINENTAL   QUADRANGLE    (PAULDING    COUNTY). 

Geographic  positions  along  highways  near  west  border  of  quadrangle. 


Station. 


T.  I  N.,  R.  3  E.,  at  crossroads  1  nule  north  and  1  mile  west  of  Grover 
Hill,  in  southeast  comer  of  field  owned  by  F.  M.  Saul,  iron  post 
stamped'Trim  Trav.  Sta.  No.  4,  1905" 

T.  1  N.,  R.  3  E.  comer  sees.  10, 11, 14,  and  15,  crossroads 

T.  1  N.,  R.  3  E.,  comer  sees.  2,  3,  10,  and  11,  crossroads , 

T.  1  N.,  R.  3  E.,  north  comer  sees.  2  and  3,  T  road  south 

T.  2  N.,  R.  3  E.,  comer  sees.  26,  27,  33,  and  34,  crossroads 

T.  2  N.,  R.  3  E.,  comer  sees.  22,  23,  26,  and  27,  crossroads 

T.  2.  N.,  R.  3  E.,  southeast  corner  sec.  15,  in  southeast  comer  of  field  of 
Geo.  Older,  northeast  comer  of  C.  Stutsman's  house  l)ear8  8. 37<'  E., 
distant  188 feet;  iron  post  stamped  "Prim.  Trav.  Sta.  No.  5, 1905" . . 

T.  2  N.,  R.  3  E.,  comer  sees.  10, 11, 14,  and  15,  crossroads 

T.  2  N    R.  3  E.,  comer  sees.  2,  3, 10,  and  II,  crossroads , 

T.  2N.,  R.  3  E.,  corner  sees.  3,  4,  9,  and  10,  crossroads 

T.  2  N-,  R.  3  E.,northcomer  sees.  3and  4,  login  road 

T.  3N.,  R.  3E.,comersecs.  27,  28,  33,  and  34.  crossroads 

T.  3N.,  R.  3E..comer8ecs.  26,  27,  34,  and  35,  crossroads 

T.  3  N.,  R.  3  E.,  comer  sees.  22,  23,  26,  and  27,  center  of  bridge  over 
canal .• 

Sixmile  Creek,  center  of  bridge  over 

T.  3N.,  R.  3  E.,  east  comer  sees.  10  and  15,  T  road  west , 

T.  3N.,  R.  3  E.,  comer  sees.  2,3,  10.  and  11,  crossroads 

T.  3  N.,  R.  3  E.,  30  feet  west  and  30  feet  south  of  quarter  comer  between 
sees.  2  and  3,  in  northeast  comer  of  field  owned  bv  Saul  Meyer  &  Co., 
south  rail  of  Wabash  R.  R.  at  section  line  crossing  bears  N.  19**  E., 
distant  70  feet;  iron  post  sUmped  "  Prim.  Trav.  Sta.  No.  6, 1905  ". .. 


Latitude. 

Longitude. 

^ 

/ 

,, 

o 

41 

02 

02.5 

84 

29 

44. «» 

41 

02 

54.6 

84 

29 

44,5 

41 

o:^ 

4&9 

84 

29 

41S 

41 

04 

39.6 

84 

29 

44.7 

iX 

05 

31.9 

84 

29 

44.4 

41 

06 

24.6 

84 

39 

44.e 

41 

07 

17.2 

84 

29 

45.0 

41 

08 

09.4 

84 

29 

44.6 

41 

09 

01.  S 

84 

29 

44.7 

41 

00 

01.3 

84 

30 

54  6 

41 

09 

516 

84 

30 

54« 

41 

10 

47.1 

84 

3D 

52.3 

41 

10 

47.6 

84 

29 

414 

41 

11 

39l4 

84 

29 

42.6 

41 

12 

27.7 

84 

» 

43.1 

41 

13 

24  6 

84 

29 

43L7 

41 

14 

17.0 

84 

29 

417 

41 

14 

42.9 

84 

29 

4Sl5 

COSHOCTON    QUADRANGLE    (COSHOCTON    COUNTY). 

Magnetic  declination,  south  border,  0°  34'  east. 
Geographic  positions  along  highvxsys. 


Station. 

Latitude. 

LongitiMfc- 

Guidepost "  Coshocton  7  miles,"  road  south,  60 feet  southeast  to  guide- 
post,  24  feet  northeast  to  cross  on  comer  of  raQ  fence    

o 

40 
40 

40 

40 

40 
40 

40 

16 
15 

15 

15 

16 
16 

16 

las 

03.7 
0L2 

47.7 

ia'6 

4&2 
280 

Q 

81 
81 

81 

81 

81 

81 

81 

t 

59 

57 

56 

55 

53 
53 

51 

07.4 

Center  of  Sixmile  bridge  at  crossroads 

40.7 

Pleasant  Hill  Church,  1  mile  east  of,  road  to  southwest,  42  feet  south- 
west to  A.  C.  Warren's  mail  box,  28  feet  northwest  to  peach  tree 

Coshocton.  3.5  miles  west  of,  just  northwest  of  Joseph  Kirlcer's  resi- 
dence, T  road  north,  21  feet  southeast  to  cross  on  fence  post,  21  feet 
west  to  cross  on  rail  fence 

12.2 
07.$ 

Junction  of  Mount  Vemon  and  Tyrone  roads,  300  feet  south  of,  center 
of  iron  bridge  over  creek 

3L2 

Roscoe.  center  of  bridge  over  Ohio  Canal 

SLi 

Coshocton,  in  southeast  comer  of  Coshoction  County  court-house, 
aluminum  tablet  stamped  "  Prim.  Trav.  Sta.  No.  67, 1906  " 

57.4 
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OHIO. 


is 


Geographic  positions  along  Pennsylvania  Railroad. 


Station. 


MilepoBt  71,  0.25  mile  west  of,  road  crossing,  siding  on  south  of  main 
track 

Milepost  72,  just  west  of,  private-road  crossing,  north  track  of  main 
line 

Moiigan  Run  station,  crossing  of  Pennsylvania  and  Wheeling  and  Lake 
Erie  R.  Rs 

West  Lafayette,  1  mile  west  of,  overhead  road  crossing,  south  track . . 


Latitude. 


Longitude. 


o 
40 

17 

17.2 

o 

81 

50 

08.3 

40 

17 

oa7 

81 

48 

52.3 

40 
40 

16 
16 

S1.5 
42.7 

81 
81 

47 
46 

44.8 
07.4 

CUMBERLAND  QUADRANGLE  (MORGAN  COUNTY). 

Magnetic  declination,  south  border,  2^  21'  west;  west  border,  1°  38' 
west. 

Geographic  positions  along  highways. 


Station. 


Morgan  County,  at  northeast  comer  of,  stone  comer  on  west  side  of 

road  opposite  cemetery  and  about  2  feet  from  comer  of  rail  fence . . . 
Renrock,  crossroads,  90  feet  east  to  center  of  covered  bridge,  27  feet 

south  to  center  of  culvert 

Dickerson's  mill,  just  east  of,  T  road  north,  24  feet  northwest  to  cross 

on  gatepost,  19  feet  northeast  to  comer  of  rail  fence 

Oak  Grove  cemetery,  on  east  side  of,  at  rail  fence,  stone, Muskingum- 

Margrove  county  line 

Knimt,  on  Knight- Young  Hickory  road,  1  mile  northwest  of,  J.  H. 

Dmgley's  mailbox 

Young  Hickory,  T  road  e^ist,  22  feet  north  to  public  mail  box,  18  feet 

southeast  to  arrow  on  fence 


Latitude. 


39    45    0a8 
39    45    2&8 


30    45    4a  6 
39    45    22.5 


39    46    ia2 
39    46    46.0 


Longitude. 

81  38  24  5 

81  40  2a  4 

81  41  2&2 

81  42  5&6 

81  44  oao 

81  44  57.9 


DEFIANCE   QUADRANGLE    (DEFIANCE   COUNTY). 

Geographic  positwns  along  Wabash  and  Baltimore  and  Ohio  Railroads  near  south  border 

of  quadrangle. 


Station. 


Latitude.      I     Longitude. 


Ashwood,  1  mile  west  of  station,  road  crossing  north  and  south  (sec- 
tion line) 

Aahwood.  road  crossing  at  station 

Ashwood.  1  mile  east  of.  road  crossing  north  and  south  (section  line) . 

Defiance  Junction,  crossing  of  Wabash  and  Baltimore  and  Ohio  R.  Rs, 

Defiance,  in  water  table  at  southwest  comer  of  Defiance  County  jail 
aluminum  tablet  stamped  "  Prim.  Trav.  Sta.  No.  8,  1905  " , 

Defiance,  in  southeast  part  of.  Ottawa  avenue,  crossing  of  Baltimore 
and  Ohio  Southwestern  R.  R , 

Midway,  1,300  feet  east  of  telegraph  office,  road  crossing  north  and 

•  south ^ 

Midway,  overhead  crossing  1.25  miles  east  of 

Milepost  82,  north-south  section  line,  road  crossing  150  feet  west  of . . . 

T.  3  N.,  R.  3  E.,  sees.  2  and  3,  T  road  south  at  north  comer  of , 

T  road  east , 

The  Bend,  north-south  road  crossing  Baltimore  and  Ohio  R.  R.  1  mile 
€ABt  of 


41  15  02.6 

41  15  2L0  I 

41  15  39.2 

41  16  39.0 

1 

41  17  11.3 

41  16  46.8  I 

41  16  45  5 

41  16  44. 8  i 

41  16  29.2 

41  15  ia7  I 

41  16  oa  1  I 

41  16  5&2  I 


84  28  34.5 
84  27  2&1 
84    26 


ia5 

84  22  4a4 

84  21  3a  9 

84  21  03.4 

-84  18  4a  7 

84  17  4L0 

84  15  57.1 

84  29  45l7 

84  29  4&0 

84  29  3a  8 
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PRIMARY    TRIANGULATION    AND    PRIMARY   TRAVERSE, 


DE8HLBR   QUADRANOLB    (hBNRY   AND   WOOD   COUNTIES). 

Geographic  positions  along  highways  on  north  border  of  quadrangU. 


Station. 


Latitude. 


T.  3  N.,  R.  8  E.,  northwest  comer  of  sec.  7,  In  northwest  comer  of  field. 
Iron  post  stamped  **  Prim.  Trav.  Sta.  No.  11,  1905" i 

T.  3  N.,  R.  8  E.,  comer  sees.  5,  6,  7,  and  8,  crossroads,  48  feet  north  to 
center  of  bridge  over  ditch 

T.  3  N.,  R.  8  E.,  sees.  4,  5,  8,  and  9.  crossroads 

T.  3  N.,  R.  8  E..  west  comer  sees.  3  and  10,  T  road  east  at  schoolhouse, 
stone 

T.  3  N.,  R.  8  E..  comer  sees.  2, 3, 10,  and  11,  crossroads  at,  25 feet  west  to 
center  of  bridge 

T.  3  N.,  R.  8  E..  comer  sees.  1,  2.  11,  and  12,  28  feet  northwest  to  John 
Sher's  mall  box,  30  feet  southwest  to  end  of  iron  bridge 

T.  3  N.,  R.  9  E.,  west  comer  sees.  C  and  7,  T  road  east,  15  feet  north- 
west to  small  collee-ljean  tree.  Henry-Wood  county  line,  27  feet  north-  i 
east  to  cross  on  telephone  pole I 

T.  3  N.,  R.  9  E.,  northwest  comer  soc.  8.  in  field  of  Mrs.  Rush,  south-  | 
west  comer  of  schoolhouse  bears  N.  15°  30'  E.,  distant  80.8  feet;  cross 
cut  on  abutment  of  bridge  bears  N.  60°  20'  W..  distant  16.8  feet;  iron 
post  stamped  "Prim.  Trav.  Sta.  No.  12,  1905" 

T.  3  N.,  R.  9  E.,  comer  sees.  4.  5,  8,  and  9,  15  feet  south  to  center  of 
bridge  over  ditch,  12  feet  north  to  crossroads 

T.  3  N.,  R.  9  E.,  comer  sees.  3,  4.  9,  and  10,  T  road  west  at  stone  to 
(church  and  schoolhouse),  50  feet  south  to  center  of  bridge  over 
ditch 

T.  3  N.,  R.  9  E.,  comer  sees.  2.  3, 10,  and  11,  crossroads  at  stone  to 

T.  3  N.,  R.  9  E.,  east  comer  to  sees.  2  and  11.  crossroads  at  schoolhouse  , 
No.  1,  stone 

T.  3  N.,  Rs.  9  and  10  E.,  comer  sees.  1,  0.  7,  and  12,  crossroads.  21  feet 
south  to  center  of  bridge,  21  feet  southeast  to  Mrs.  F.  A.  Lovell's 
mail  box 

T.  3  N.,  R.  10  E.,    northeast  comer  sec.  7,  at  crossroads  at  school-  : 
house  No.  2.  cross  cut  in  southwest  comer  of  large  stone  culvert  ' 
bears  N.  11°  E.,  distant  17.6  feet;  southwest  comer  of  schoolhouse 
bears  N.  48°  E.,  distant  126  feet;  iron  post  stamped  "  Prim.  Trav. 
Ste.  No.  13,  1905" 


41  14  2L9  , 

41  14  22.7 

41  14  23.0  I 

41  14  23.6 

41  14  24.4 

41  14  25.1 

41  14  25l6  , 

41  14  2a  1 

41  14  26.4 


41     14    2&2 
41     14    25.8 


41     14    24.9 
41     14    26.9 


41     14    2a  1 


Longitude. 


S3  »  50.9 

83  5R  4LS 

83  57  117 

83  56  212 

S3  55  Ug 

S3  S4  M.4 

83  52  5^  t 

83  51  Ad 

S3  50  319 


S3    49    24  4 

83    48    14.  & 


83    47    07.2 
83    45    57.4 


44    4Lh 


KDON    QUADRANGLE    (WILLIAMS   COUNTY). 

Geographic  positions  along  highways  near  Ohio-Indiana  State  line. 


Station. 


Latitude. 


I 


Longltodf. 


Ts.  6  and  7  N.,  R  I  E.,  west  comer  sees.  6  and  31,  T  road  east 

T.  7  N.,  R.  I  E.,  stoue  at  comer  sees.  30  and  31 

T.  7N.,  R.  1  E.,  west  comer  sees.  19  and  30,  T  road  cast 

Edon.  crossing  of  Wabash  R.  R.  and  Ohio-Indiana  State  line  2  miles 

west  of 

T.  7  N.,  R.  1  E.,  sees.  7  and  18,  crossroads  at  west  comer 

T.  7  N.,  R.  1  E.,  west  comer  sees.  6  and  7,  T  road  east 

T.  8  N.,  R.  1  E.,  sees.  30  and  31,  west  comer,  T  road  south 

Columbia,  crossroads 

Columbia,  road  west  1.5  miles  north  of 

Store,  T  road  east  just  south  of,  0.33  mile  north  of  schoolhouse,  33  feet 

southeast  to  mall  box,  44  feet  northeast  to  apple  tree 

Ohio-Indiana  State  line,  T  road  east,  1.25  miles  south  of  northwest  . 

comer  of  Ohio 

T  road  east 

Ohlo-Indiana-Michlgan,  comer  of 

T.  9  S.,  R.  4  W.,  comer  sees.  8,  9,  16,  and  17,  T  road  north 

T.  9S.,  R.  4  W.,  comer  sees.  9,  10, 15,  and  16,  T  road  north 


o 

, 

„ 

o 

, 

^ 

41 

30 

4&6  , 

84 

48 

146 

41 

31 

38.0 

84 

48 

15.1 

41 

32 

29.9 

84 

48 

15.: 

41 

32 

53.9 

84 

4S 

1^0 

41 

34 

13.9 

84 

48 

17,3 

41 

35 

06.2 

84 

48 

1S.0 

41 

36 

46.6  , 

84 

48 

i9l: 

41 

37 

58.0 

84 

47 

1K< 

41 

39 

las  : 

S4 

47 

36.3 

41    40    1&6  , 


41 

40 

41.2 

41 

41 

34.1 

41 

41 

45l5 

41 

41 

34.7 

41 

41 

35.6 

84  47  44.2 

84  4S  aOLl 

84  48  3(L3 

84  48  aa2 

84  47  laO 

84  46  Oa3 
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FRAZETSBURQ  QUADRANGLE  (COSHOCTON,   LICKING,   AND  MUSKII^UM  COUNTIES). 

Magnetic  declination,  west  border,  3°  08'  west ;  north  border,  0*^  46' 

west. 

Geographic  positions  along  highways. 


Station. 


Latitude. 


Fallsburg,  road  west  at  hotel,  42  feet  northwest  to  crosa  on  telegraph        *■ 

pole,  58  feet  southeast  to  stone  step  to  store 40 

8«;s.  12  and  13,  quarter  corner  between 40 

Wakaton  Creek,  Just  east  of  Eli  Frey's  residence,  east  end  of  covered  i 

bridge  over I      40 

Trampton,  at  schoolhouse,  comer  stone  to  sees.  1,  2,  9,  and  10 40 

Trampton,  1  mile  cast  of,  at  Licking-Coshocton  county  line,  T  road  , 

south,  forked  post 40 

Crossroads,  guiaepost  at  (* '  Bladensburg  8  nil.") 40 

French  Melick's  residence,  road  north  at,  cross  on  telegraph  pole j      40 

West  Carlisle,  1.3  miles  west  of,  road  south,  15  feet  to  cross  on  fence 

Wpost,  33  feet  west  to  cross  on  telegraph  pole '      40 
est  Carlisle,  in  southwest  comer  of  lot  of  H.  M.  Robinson;  northwest  I 
comer  of  Presbyterian  Church  bears  S.  l®  30^  E.,  distant  123  foet;  nail 
in  east  face  of  locust  tree  bears  N.  83°  W.,  distant  46.2  feet;  iron  post  ' 

stamped  "Prim.  Trav.  Sta.  No.  55, 1905" I      40 

Cooperdale,  1.66  miles  west  of,  forks  of  road,  36  feet  southwest  to  cross 
oirfence  post,  35  feet  southeast  to  cross  on  comer  of  rail  fence 40 


16.6 
47.2  , 

15.1 
37.8 

40.6 
47.0  ; 
13.6 


43.7 
52.4 


Longitude. 


82  14  18.0 

82  13  58.9 

82  13  16.8 

82  12  11.9 

82  11  01.7 

82  09  54.8 

82  09  21.8 

82  08  26.3 


82    07    00.0 
82    05    50.6 


Geographic  positions  along  Cleveland,  Ahron  and  Columbus  Railway ^   Cooperdale  to 

.       Tunnel  Hill 


station. 


Cooperdale,  0.33  mile  north  of,  road  crossing 

Tunnel  Ilili,  1.75  miles  south  of,  east-west  road  crossing 

Tunnel  Hill,  0.75  mile  south  of,  northwest-southeast  road  crossing 
Tunnel  Hill,  road  crossing 


Latitude. 


40 
40 
40 
40 


13  22.6  I 

14  00.2 

14  47.0 

15  17.4  1 


Longitude. 


82  04  05.3 

82  03  48.4 

82  03  13.9 

82  02  66.3 


Geographic  positions  along  highways. 


Station. 


Latitude. 


40    15    29.1 


Tunnel  TIlll,  1.5  miles  east  of,  T  road  north,  27  feet  due  south  to  cross  on  , 
fence  post 

Tunnel  Ilill,  2  miles  east  of,  near  northwest  comer  of  field  of  Wm.  L. 
Wright;  northeast  comer  of  Wright's  house  bears  S.  14°  W.,  distant 
87  foet;  iron  post  stamped  "Prim.  Trav.  Sta.  No.  56,  1905" 40    15    18.9  1 


Longitude. 


82    01    30.1 


82    00    32.8 


Geographic  positions  along  Baltimore  and  Ohio  Railroad,  Pleasant  Valley  to  milepost  85. 

Latitude. 


Station. 


Pleasant  Valley,  1.5  miles  southeast  of,  opposite  milepost  86,  center  of 

track 40    00    09.7 

Milepost  85,  275  feet  east  of ,  private  road  crossing 40    00    02.6 


Longitude. 


82    06    54.4 
82    05    48.4 


Geographic  positions  along  highways. 


Station. 


Reform,  1.5  miles  south  of,  T  road  east  at  IT.  L.  Smith's  residence,  36 
feet  southeast  to  cross  on  gatepost,  45  feet  southwest  to  IL  L.  I 
Smith's  mail  box 

lIano\'er,  1  mile  northeast  of,  five  comers,  24  f^-t  soiithnist  to  cross  on 
comer  ifence  post,  32  feet  east  to  cross  on  picket  at  corner  of  fence. . . 


Latitude. 


40    06    47.1 
40    05    34.5 


Longitude. 

O  /  // 

82    14    49.5 
82    14    63.7 
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PRIMARY    TRIANGULATION    AND    PRIMARY    TRAVER8E. 


Geographic  positions  along  Wheeling  and  Lake  Erie  and  Cincinnati  and  Mutkin(pm 
Valley  railroads  near  Dresden. 


Station. 


Wheeling  and  Lake  Erie  R.  R.  mllepoBt  U,  center  o(  track  opposite. . 

Dresden.  2  miles  south  of,  niilepost  4.  just  north  of,  east-west  road 
crossing  of  Cincinnati  and  Muskingum  Valley  R.  R 

Milepost  3,  500  feet  north  of,  east-west  road  crossing 40 

Dresden,  near  northwest  corner  of  public  school  grounds;  northwest 
corner  of  schoolhouse  bears  N.  80^  E.,  distant  137.3  feet;  nail  in  root 
of  maple  tree  bears  S.  30<*  30'  E.,  distant  13  feet:  iron  post  stamped 
"Prim.  Trav.  Sta.  No.  54. 1906" 

Canal,  road  crossing  under  railroad  bridge I     40 


Latitude. 

1 

Longitode. 

o           . 

''     1 

o 

t 

40    04 

4a8 

82 

00    OLl 

40    05 
40    06 

4L5 
33.5 

82 
82 

01  QIO 
00    42.5 

40    07 
40    07 

17.8 
57.0 

82 
82 

00  «.» 

01  an 

Geographic  positions  along   Cleveland,   Ah-on  and   Columbus  Railway ,    Trinuay  fo 

Wakatomika. 


Station. 


Trinway  station,  just  west  of.  crossing  of  Cleveland.  Akron  and  Colum- 
bus and  Pennsylvania  R.  Ra..  main  line,  north  track 

Trinway.  2  miles  north  of.  northwest -southeast  road  crossing,  at  cov- 
ered bridge f 

Wakatomika,  0.75  mile  south  of,  east- west  road  crossing 

Wakatomika.  0.5  mile  north  of,  road  crossing. 


East-west  road  crossing 40 


Latitude. 

Longitude. 

O            t             ft 

o            »          ** 

40    08    36.3 

82    00  -514 

40    10    16.3 
40    11     19.2 
40    12    06l2 
40    12    45.1 

82    01    «.S 
82    02    19.7 
82    03    01.  ft 
82    03    ».i 

GRANVILLE    QrADRANOLE    (LICKING    COUNTY). 

Magpietic  declination,  east  border,  0°  44'  west;  north  border,  0*^  36' 

west. 

Geographic  positions  along  highways,  Croton  to  Homer. 


station. 


Croton.  2.5  miles  west  and  0.5  mile  south  of,  at  crossroads  at  Wm. 
Farel's  residence,  In  southeast  corner  of  James  Wilson's  farm;  nail  in 
east  face  of  cherry  tree  bears  S.  89®  W.,  distant  20  feet;  iron  post 
stamped  ''Prim.  Trav.  Sta.  No.  40.  1905" 

Croton,  1.25  miles  west  of,  T  road  east,  36  feet  southeast  to  cross  on 
fence  post,  27  feet  northeast  to  Green's  mail  box 

Croton,  Deianon  street  crossing  of  railroad 

Croton,  1  mile  east  of,  T  road  north,  13  feet  due  south  to  cross  board  at 
west  of  wire  fence 

Bennington  Township  House,  1.66  miles  west  of,  crossroads  300  feet 
south  of  schoolhouse.  21  feet  northeast  to  B.  E.  Nash's  mail  box,  36 
feet  southeast  to  cross  on  comer  fence  post 

Lock,  2  miles  south  of,  Bennington  Township  House,  at  northwest 
comer  of;  nail  in  west  oak  bears  S.  60°  45'  W .,  distant  19.8  feet;  north- 
west comer  foundation  of  house  bears  S.  SO*'  30*  E.,  distant  3.5  feet; 
Iron  post  stamped  "Prim.  Trav.  Sta.  No.  39,  1905" 

Bennington  Township  House.  1  mile  east  of,  covered  bridge  over  Otter 
Creek  North,  center  of 

Crossroads,  1,500  feet  east  of,  Otter  Creek  East,  center  of  iron  bridge 
over 

Homer,  1.66  miles  west  of.  T  road  south,  42  feet  southeast  to  cross  on 
corner  fence  post,  40  feet  southwest  to  hickory  tree 

Otter  Creek  -East,  center  of  covered  bridge  over 

Homer,  in  northwest  part  of  public  school  grounds;  northwest  comer 
of  schoolhouse  foundation  Dears  S.  3°  4y  W..  distant  78  feet;  iron 
pump  lx>ars  8.  70*  W.,  distant  11.3  feet;  iron  post  stamped  "Prim. 
Trav.  SU.  No.  38, 1905" 


Latitude. 


40  13  57.1 

40  14  2L5 

40  14  20.7 

40  14  27.9 

40  14  22.5 

40  14  22.8 

40  14  40.5 

40  14  4&8 

40  16  25l5 

40  15  n.o 

40  15  09.60 


Longitode. 


82  44    I&O 

82  42  «.5 

82  41  201 

82  38  52.4 

82  38  X.  4 

82  36  22.1 

82  3S  14.3 

82  34  16.3 

82  33  17.2 

82  32  30l4 

82  31  aa«3 
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OHIO.  77 

Geographic  positions  along  Baltimore  and  Ohio  Railroad^  Summit  to  Union. 


Stetion. 


I      Latitude.      !     Longitude. 


Summit  station,  1  mile  north  of,  in  northwest  corner  of  small  lot  owned 
by  W.  S.  Griffith,  lot  situated  just  south  of  east-west  section  line,  on 
east  side  of  north-south  road,  iron  post  stamped  "Prim.  Trav.  Sta. 
No.  34,  1905" 

Milepost  24,  private-road  crossing,  south  track 

Union  station.  1.5  miles  west  of.  east-west  road  crossing 

Union  station,  0.75  mile  west  of.  crossroads,  in  southeast  corner  of  1  ra 
Showman's  field;  crosscut  on  stone  abutment  to  bridge  bears  S. 
9*»  15'  E.,  distant  47.6  feet;  iron  post  stamped  "Prim.  Trav.  Sta.  No. 
36,1905" 

Union  station,  0.5  mile  east  of,  north-south  gravel-road  crossing 


40  00  44.6 
40  00  08.3 
40    00    34.9 


40    01     15.6 
40    01    22.8 


82  45  03.4 
82  33  26.6 
82    32    26.1 


82    31    29.2 
82    30    22.5 


Geographic  positions  along  highways^  Granville  to  Union  schoolhouse. 


Station. 


Granville,  1  mile  south  ol,  T  road  to  west  at  schoolhouse,  19  feet  north- 
east to  cross  on  comer  of  fence,  7  feet  south  to  end  of  culvert 

Granville  station,  north-usoth  street  crossing,  Toledo  and  Ohio  Cen- 
tral Rwy 

Granville  station,  0.75  mile  north  of.  T  roud  west,  35  feet  northwest  to 
north  end  of  culvert.  46  feet  south  to  cross  on  telegraph  pole 

Schoolhouse  No.  8. 1891, 0.5  mile  north  of,  T  road  east.  30  feet  southeast 
to  comer  of  garden  fence,  28  feet  northeast  to  cross  on  telegraph  pole. 

Brushy  Creek,  south  end  of  iron  bridge  over 

Fredonia,  schoolhouse  yard,  in  west  part  of,  northwest  corner  of; 
foundation  of  schoolhouse  bears  S.  72°  SO'  E..  distant  122.6  feet; 
southeast  foundation  to  Wlllard's  store  bears  N.  46°  30'  W.,  distant 
94.5 feet;  Iron  post  stamped  "Prim.  Trav.  Sta.  No.  37,  1905" 

High  water,cros8roads,  63  feet  south  to  northwest  comer  of  store  porch, 
31  feet  southwest  to  guidcpost 

Highwater,  1  mile  north  of,  crossroads,  27  feet  north  to  cross  on  corner 
of  IxMird  fence,  60  feet  north  to  J.  F.  Riley's  mail  box , 

Union  schoolhouse,  0.5  mile  south  of,  T  road  west.  16  feet  due  west  to 
W .  F.  Wagoner's  mail  box , 

Union  schoolhouse,  0.5  mile  north  of,  crossroads,  post , 


Latitude. 

Longitude. 
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40 
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12.6 
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10 

34.4 

82 

31 

10.7 

40 

11 

22.3 

82 

31 

05.2 

40 
40 


12  42.3 

13  37.4  I 


82    31    10.8 
82    31    13.6 


LOGAN   QUADRANGLE    (PERRY   COUNTY). 

Geographic  positions  along  Cincinnati  and  Muskingum  Valley  Railroad  near  Junction 

City. 


SUtion. 


Milepost  42, 0.33  mile  east  of,  road  crossing 

Junction  City,  near  Stalzenbach  &  Harris's  store,  on  north  line  be- 
tween Cincinnati  and  Muskingum  Valley  Railroad  and  property  ot 
Junction  City;  southwest  corner  of  store  l)ears  N.  26°  50'  \V.,  distant 
78.9  feet;  north  rail  of  track  at  road  crossing  bears  8.  43°  45'  W..  dis- 
tant 53  feet;  iron  post  stamped  ' ' Prim.  Trav.  Sta.  No.  66.  1905" 

MUepost  13,  road  crossing , 

McElroys.  1  mile  south  of,  road  crossing  at  spur 

McElroys  station,  road  crossing 


Latitude. 


39    43    23.5 


39  43  13.4 

39  43  24.6 

39  44  00.8 

39  44  57.3 


Longitude. 


82    16    43.8 


82  17  57.0 

82  20  00.6 

82  20  19.3 

82  19  53.2 
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78  PRIMARY    TRI ANGULATION    AND    PRIMARY   TRAVERSE. 

m'clure  quadraMgle  (hbnry  and  wood  counties). 
Geographic  positions  along  highways  near  north  border  of  quadrangle. 


Station. 


Whitehouse,  1.5  miles  south  of.  crossroads  and  sclioolbouse,  4  miles 
east  of  Neapolis,  44  feet  nortlieast  to  school  pump,  33  feet  northwest 
to  guidepost 

Neapolis,  2.25  miles  eastof ,  crossroads.  32  feet  southwest  to  Geo.  Rapp's 
mail  box.  23  feet  northwest  to  northeast  comer  stone  of  culvert 

Crossroads  at  schoolhouse,  28  feet  northwest  to  cross  on  comer  fence 
post,  39  feet  southwest  to  S.  Jewell's  mail  box 

Neapolis,  road  crossing 

T.  6  N.,  R.  8  E.,  sec.  12,  southeast  comer  of.  in  southeast  comer  of  field 
of  Maiy  A.  Long,  iron  post  stamped  * '  Prim.  Trav.  Sta.  No.  30. 1905". 

T.  6  N.,  R.  8  E.,  corner  sees.  11, 12. 13,  and  14.  stone  at  crossroads 

T.  6  N.,  R.  8  E.,  comer  sees.  10, 11, 14,  and  15,  crossroads.  29  feet  north- 
west to  H.  Leneman's  mail  box,  36  feet  southwest  to  board  on  small 
tree 

T.  6  N..  R.  8  E.,  corner  sees.  9, 10.  15,  and  16,  stone  at  crossroads 

T  road  north.  T.  6  N.,  R.  8  E.,  comer  sees.  8. 9, 16.  and  17, 22  feet  south- 
east to  F.  C.  March's  mall  box,  24  feet  south  to  cross  on  fence  post. . 

T.  6  N.,  R.  8  E..  corner  sees.  7,  8.  17.  and  18.  crossroads,  36  feet  north- 
west to  mall  box,  31  feet  southwest  to  cross  on  telephone  pole. .  1 


Latitude. 


41    29    43.1 
41    29    42.6  I 


41    29    42.0  I 
41    29    32.9 


41    29    14.5 
41    29    13.1 


41    29    13.1 
41    29    12.9  I 


Longitoie. 


S3    4Ji   -y^A 

83     49    5i.O 


83    50    44.« 

S3    52    U.» 


S3    52    TaA 

83    54    V^.^ 


83    55    Iv: 
83    56    27-!i 


41    29    12.5  83    57    57  *. 

41    29    12.1  I         83    58    47.8 


MONTPELIER    QUADRANGLE  (WILLIAMS  COUNTY). 

Geographic  positions  along  highways  near  Ohio-  Michigan  State  line. 


Station. 


Latitude. 


Longilude. 


T.  9  S.,  R.  2  W.,  corner  sees.  10. 11. 14,  and  15.  T  road  north I  41  41  40.6 

T.  9  S..  R.  2  VV..  corner  sees.  9.  10, 15,  and  16,  T  road  east |  41  41  40.3  1 

Ohio-Michigan  Suite  line,  center  of  north-south  ro\d 41  42  09.0 

Pioneer,  T  road  west.  1  mile  east  of.  30  feet  northwest  to  cross  cut  on  ! 

corner  fence  post.  42  feet  southwest  to  cross  cut  on  telephone  pole  . .'  41  40  47.7 

Pioneer,  nortiieast  corner  of  bridge  at  crossing  of  mam  streets 41  40  47.2 

T.  9  S.,  R.  2  W.,  corner  sees.  17,  18,  19,  and  20,  crossroads 41  40  47-6. 

T.  9  S.,  R.  2  W.,  west  corner  sees.  18  and  19,  T  road  east I  41  40  47-3  l 

T.  9  S.,  R.  3  W.,  corner  sees.  13, 14,  23,  and  24,  crossroads 41  40  46.9. 

T.  9  S..  R.  3  W..  corner  sees.  14, 15, 22,  and  23,  at  Bethel  Church,  cross-  I 

roads '  41  40  46.5' 

T.  9  S.,  R.  3  \V.,  southeast  comer  sec.  10.  4  miles  west  and  1  mile  north 

of  Pioneer,  in  southeast  corner  of  Osbome's  farm,  iron  post  stamped  I 

"Pnm.  Trav.  Sta.  No.  18,  1905" :  41  41  39.0 

Ohio-Michigan  State  line.  T.  9  S.,  R.  3  W.,  349  feet  south  of  quartercor-  |  I 

ner  l>etween  sees.  10  and  11 41  42  01.5  [ 

T.  9  S.,  R.  3  W..  corner  sees.  9. 10, 15,  and  16,  T  road  north 41  41  38.5 

T.  9  S..  R.  3  W.,  corner  sees.  8,  9. 16.  and  17,  crossroads i  41  41  38.11 

T.  9  S..  R.  3  W..  north  corner  sees.  17  and  18,  T  road  south I  41  41  37.7  | 

Northwest  Church.  T  road  north '  41  41  36.3 

In  southeast  corner  of  field  owned  by  F.  M.  Husghy,  iron  post  stamped  I 

•Prim.  Trav.  Sta.  No.  19.  1905" I  41  41  36.4' 

Ohio-Michigan  Sute  line,  center  of  north-south  road,  3  feet  south  o! 

southwest  gatepost |  41  41  50.6  j 


H4  30  5J.: 

84  33  OD  : 

84  32  (»> 

84  32  07'* 

M  33  K» 

84  34  ?'.2 

84  35  3D  S 
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OHIO. 
Oeographic  positions  along  highvxiys  near  toest  border  of  qua  drangle. 


79 


Station. 


T.  9S.,  R.4  W„  corner  sees.  14,  15.  22,  and  23.  crossroad? 

T.  9S.,  R.  4  W..corner8«'C8.  22.  2.3.  2G.  and  27.  T  road  west 

T.  9  8..  R.4  VV.,  cornersecs.  26.  27.  34.  and35,  T  road  west 

Tps.  9  and  10  S..  R.  4  W..  corner  sees.  2,  3.  34,  and  35.  center  of  north- 
south  road  crossing  at  corner -. 

T.  W^.,  R.  4  W..  south  comer  sees.  2  and  3,  T  road  north 

T-AN..  R.  I  E.,  south  comer  sees.  33  and  34.  crossroads 

T.  7  N-.  R.  1  E.,  southwest  corner  sec.  3,  in  southwest  comer  of  John 
Fox's  garden;  southwest  comer  ol  aehooihouse  I)ear8  N.  79°  40*  W., 
distant  190.7  feet;  southwest  corner  of  section  3  l)ear8  S.  48°  W..  dis- 
tant 30.7  feet;  iron  post  stamped  "Prim.  Trav.  Sta.  No.  20,  1906".. 

T.  7  N.,  R.  1  E..  corner  sees.  9  10, 15.  and  16.  crossroads 

T.  7  N.,  R.  1  E.,  corner  sees.  15, 16,  21  and  22.  crossroads 

T.  7  N..  R.  I  E.,  corner  sees.  21,  22,  27.  and  28.  crossroads 

T.  7  N..  R.  1  E.  corner  sees.  27.  28.  33.  and  34,  crossroads 

Tps.  6and7  N..  R.  1  E.,  corner  sees.  3.  4.  33.  and  34,  stone 


Latitude. 


41    40    43.6  ^ 
41    39    51.2 

41    38    58.8  I 


06.4 
14.4 
06.8 


35    06.7 


14.2 
22.2 
30.2 
38.2 
46.2 


Longitude. 


84  44  49.8 

84  44  49.8 

84  44  48.9 

84  44  47.8 

84  44  46.9 

84  44  58.1 


84  44  57.4 

84  44  57.6 

84  44  57.6 

84  44  57.4 

84  44  57.1 

84  44  66.7 


NEWARK    QUADRANGLE    (LICKING    COUNTY). 

Magnetic  declination,  west  border,  0°  36'  west;  north  border,  2° 
31'  west;  east  border,  3°  OS'  west;  south  border,  1°  05'  west. 

Geographic  posilions  along  highways. 


Station. 


Latitude. 


Longitude. 


Homer,  1.33  miies  southeast  of,  large  sugar  maple  in  center  of  road 

Road  southwest,  24  feet  south  to  cross  on  black  oak 

U  tica.  in  southeast  part,  east-west  road  crossing  Baltimore  and  Ohio  i 
R  R. 


Liclcing-Knox  county  line,  road  west,  27  feet  northwest  to  cross  on 
gatepost,  27  feet  southeast  t.o  cross  on  rail  fence 

Bell  Church.  0.5  mile  west  of,  T  road  north,  28  feet  northwest  to  tele- 
phone pole,  22  leet  southwest  to  cross  on  fence  post 

Martinsburg.  1.5  miles  south  ol,  at  crossroads,  m  northeast  comer  of 
Held  o!  W.  P.  Harrison,  iron  post  stamped  '*  Prim.  Trav.  Sta.  No.  41, 


1905' 


Martinsburg,  about  2  miles  southeast  of.  crossroads.  10  feet  southeast 
to  gum  tree,  21  leet  northeast  to  mail  i>ox 

County  line,  0  5  mile  north  of.  crossing  of  east-west  and  northwest- 
southeast  roads,  38  feet  north  to  largc  white  oalc,  38  feet  northea&t  to 
cross  on  fence  post 

County  line.  0  5  mile  north  of.  at  A.  J.  Blount's  farm.  T  road  west.  29 
feet  northeast  to  cross  on  fence  post,  30  feel  southeast  to  cross  on 
telegraph  pole 

Honpeck  Corners,  crossroads.  28  feet  southeast  to  guidepost,  27  feet 
northwest  to  Benbow  Simpkins's  mail  box 

Ilenpeck  Comers.  1  mile  southeast  of,  2  miles  northwest  of  Fallsburg, 
Justnorthof  school  house,  in  southeast  corner  ot  VV.  H.  Kidd'slarm. 
at  T  road  northeast,  iron  post  stamped  "  I*nm.  Trav.  Sta.  No.  42, 


40  14  39.2 

40  13  55.7  I 

40  13  57.2 

40  14  35.8 

40  14  32.4 

40  14  53.7 

40  14  50.8  I 

40  14  49.6 


1905 


Fallsburg,  1  mile  northwest  of,  T  road  east,  fcales,  200  leet  north  of,  16 

feet  east  to  Matt  Frost's  mall  box 

Comer  sees  14,  15,  16,  and  17,  cross  on  lop  ol  stone •. 


40    13    44.4 

40    12    51.1 
40    11    56.0 


82  29  22.5 

82  28  00.0 

82  26  52.4 

82  25  04.2 

82  23  44.6 

82  21  36.2 

82  20  18.1 

82  19  14.8 


40    14    48.6  I        82     17    00.4 
40    14    02.2  82    10    .12.7 


82     16    03.7 

82     15    i:6.8 
82     15    46.1 
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Geographic  positions  along  Toledo  OTid  Ohio  Central  Railway  near  Central  City. 


Station. 


Latitude. 


Longitude. 


MUepost  28, 240  feet  east  of,  east-west  gravel-road  crossing,  north  track. 
Central  City,  0.75  mile  south  of,  105  feet  north  of  milepost  14,  east-west 


gravel-road  crossing 
Milepost  13,  Just  nortn  of,  private-road  crossing |      40   (K)   38.5  ' 


40    01    43.1 
40    01    30.2  I 


82    29    25  : 


82    28    319 
82    28   3&8 


Geographic  positions  along  highways. 


station. 


Latitude. 


Fulton  schoolhouse,  0.25  mile  east  of,  T  road  north,  22  feet  south  to 

cross  on  red  gate 

Lloyds  Corners,  1  mile  west  of,  T  h)ad  south,  21  feet  east  to  oast  end  of 

tile  culvert,  19  feet  southwest  to  west  end  of  same 

Newark,  about  3  miles  south  of,  at  Lloyds  Comers,  crossroads;  13  feet 

southeast  to  ring  on  telephone  pole,  31  feet  northeast  to  cross  on 

picket  fence 

Lutheran  Church,  1  mile  northwest  of,  at  top  of  hill,  T  road  west,  point 

on  intersection 

Newark,  4.5  miles  southeast  of,  in  Lutheran  school  grounds,  southeast 

comer  of  schoolhouse  foundation  bears  N.  25°  15'  W.,  distant  11.9 

feet;  northwest  comer  of  Lutheran  Church  foundation  bears  S.  37" 

30'  W.,  distant  67.6  feet;  iron  post  stamped  **  Prim.  Trav.  8U.  No. 

45,  1905" 

Fry  (John)  farm,  at  southwest  comer  of,  crossroads,  30  feet  northeast 

to  cross  on  post  at  south  end  of  wire  fence,  46  feet  northwest  to  T.  J. 

Moore's  mall  box 

Sigler  (R.  S.)  residence,  T  road  south,  10  feet  northeast  to  mail  box,  30 

feet  southwest  to  guidepost 

T.  1  N.,  R.  11  W.,  stone  at  comer  sees.  1,2,9,  and  10 

Boodle  schoolhouse,  1 .33  miles  southeast  of,  road  south,  13  feet  north  to 

cross  on  gatepost,  36  feet  southwest  to  mail  box 

Clay  Lick,  about  4  miles  south  of,  in  south  part  of  grounds  of  Boodle 
■  schoolhouse,  southwest  comer  of  schoolhouse  foundation  bears  N. 

9*  15'  E.,  distant  57  feet,  naU  in  root  of  maple  tree  bears  N.  84°  30'  E., 

distant  60.1  feet;  iron  post  stamped  "Prim.  Trav.  Sta.  No.  44, 1905". 
Boodle  schoolhouse,  about  1.38  miles  southeast  of,  road  to  south,  13  feet 

north  to  cross  on  gate-post,  36  feet  southwest  to  mail  box 

Scott  (G.  W.)  residence,  intersection  of  roads,  mail  box 

Sawmill,  900  feet  north  of,  T  road  to  west,  on  top  of  hill,  80  feet  north- 
west to  mailbox 

Reform,  0.66  mile  northwest  of,  crossroads,  25  feet  northeast  to  F. 

Priest's  mail  box,  29  feet  northwest  to  cross  on  comer  fence  post . . . 
Reform  crossroads,  21  feet  southeast  to  R.  S.  Paine's  mail  box,  30  feet 

northeast  to  willow  tree .\ 

Reform,  0.75  mile  south  of,  in  southwest  comer  of  field  of  John  W. 

Gardner,  opposite  Methodist  Church,  iron  post  stamped  "Prim. 

Trav.  Sta.  No.  43,  1905" 

Hanover,  in  northwest  part  of,  road  crossing  under  Pennsylvania  R.  R. 

center  of 

Hanover  Electric  R.  R.  station,  road  crossing,  Newark  and  Zanesville 

Electric  R.  R 

Clay  Lick,  0.5  mile  north  of,  just  south  of  electric  railroad  station,  old 

Ohio  Canal,  center  of  bridge  over 

Clay  Lick,  1  mile  south  of,  T  road  west i 

Clav  Lick,  2  miles  south  of,  road  to  southwest  at  Jonathan  Intow's  ' 

residence,  12  feet  southwest  to  J.  R.  Shepherd's  mall  box 
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NEW   COMEKSTOWN    QUADRANGLE    (cOSHOCTON    AND   GUERNSEY  COUNTIES). 

Magnetic  declination,  south  border,  1°  57'  west. 
Geographic  positions  along  Pennsylvania  Railroad  between  West  Lafayette  and  Ideta. 


Station. 


Latitude. 


Loi«itiidr, 


West  Lafayette,  1  mile  south  of,  T  road  east,  24  feet  east  to  guidepost, 
"  Plainheld  5  miles, "  38  feet  southeast  to  cross  on  comer  fence  post. . 
West  Lafayette,  at  northwest  comer  of  public  school  grounds,  north- 
west comer  of  schoolhouse  bears  S.  16°  15'  E.,  distant  256.6  feet:  iron 

post  stamped  *'  Prim.  Trav.  Sta.  No.  58,  1905  " 

Milepost  77,  300  feet  east  of,  road  crossing,  north  track \      40    16    24.3 

M ilcpost  78,  700  feet  east  of,  north-south  road  crossing,  south  traclc . . . '      40    16    18. 5 
I sleta  station,  road  crossing,  south  track ■      40    16    18.3 


40    15    29.8 


40    16    33.3 


81    44  r« 


81  44  50  2 

81  43  CH-4 

81  41  51  > 

81  40  :*.? 
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OHIO. 
Geographic  posthons  along  highways. 


81 


Station. 


Isleta,  1  mile  southeast  of,  forks  of  road,  30  feet  north  to  cross  on  board 
fence,  75  feet  southeast  to  cross  on  telegraph  pole 

Top  of  hill,  Y  road  at,  27  feet  northeast  to  guidepost,  "Coshocton  13 
mi.,"  21  feet  west  to  mound 

Widder  triangulation  station,  on  land  of  Chas.  WIdder,  2.5  miles 
nearly  south  of  New  Comerstown,  50  feet  west  of  north-south  road, 
0.5  mile  west  of  Baptist  Church,  and  600  feet  southwest  of  White 
schoolhouse.  Station  mark:  A  sandstone  post  36  b]r  6  by  6  inches, 
set  63  inches  in  the  ground,  in  center  of  top  of  which  is  countersunk 
and  cemented  a  bronse  triangulation  tablet  (Ohio) 


Latitude. 


40    15    50.2 
40    14    53.8 


40    14    09.67 


Ix>ngitude. 

81    39    25.50 
81    37    59.50 

81    36    54.11 


NBW   LEXINGTON    QUADRANGLES    (MORGAN   AND   PERRY   COUNTIES). 

Geographic  positions  along  highxoays. 


Station. 


Dovertown,  cross  streets,  48  feet  northwest  to  southeast  comer  of  post- 

ofllce,  48  feet  southwest  to  northeast  comer  of  store  at  pump 39 

T.  14  S.,  R.  14  W.,  north  comer  sees.  34  and  35 1      "'^ 

Dovcrtown  station,  road  crossing  Zanosville  and  W  estem  R wy , 

Stringtown  crossroads,  guidepost I 


Latitude. 

1 

Longitude. 

o        '"       "       1 

o          /              // 

39    44    03.1  ' 
39    44    28.2  1 
39    44    20.6 
39    44    39.5 

82    02    16.7 
82    03    37.0 
82    04    36.0 
82    06    18.1 

Geographic  positions  along  Cincinnati  and  Muskingum  Valley  Railroad  between  McLuney 
'  and  New  Lexington. 


Station. 


Latitude. 


McLuney,  near  station,  on  land  of  Charles  Myers,  southeast  comer  of 
station  bears  8.  71*  \V.,  distant  71.5  feet;  northwest  comer  of  store 
bears  8.  81'  40'  E.,  distant  10  feet;  iron  post  starapeJ  **  Prim.  Trav. 

Sta.  No.  65,  1905" 

Lrvondale  station,  road  crossing 

Milepost  35,  0.5  mile  west  of,  north-south  road  crossing ,      39 

Wilbum  station,  road  crossing \     39 

New  Lexington,  1  mile  northeast  of,  north-south  road  crossing ' 

New  Lexington  station,  center  of  track  opposite I 

Milepost  40, 900  feet  west  of,  road  crossing 


26.2 
54.8 


Longitude. 


82    06    27.8 
82    08    13.8 


39 

43 

29.1 

82 

09 

47.6 

39 

43 

26.7 

82 

'10 

38.1 

39 

43 

16.0 

82 

11 

45.6 

39 

43 

08.7 

82 

13 

00.0 

39 

43 

20.9 

82 

14 

35.7 

OTTAWA    QUADRANGLE  (HENRY   COUNTY). 

Geographic  positions  along  Bailiviore  and  Ohio  Southwestern  Railroad  helwe£n  Uolgatc 

and  Jlamler. 


Station. 


Holgate,  crossing  of  Baltimore  and  Ohio  Southwestern  R.  R.  and 
Clover  Leaf  Route 

Uolgate,  1  mile  east  of,  in  northwest  comer  of  field  at  T  road  south, 
T.  3  N.,  R.  7  E.,  west  guarter  comer  to  sec.  6  is  30  feet  west  and  35 
feet  north  of  station;  iron  post  stamped  "Prim.  Trav.  Sta.  No.  10, 
1905" 

Holgate,  2  miles  east  of,  road  crossing  north  and  south 

Hamler,  2.5  miles  west  of,  section  line,  road  crossing  north  and  south 

T.  3  N.,  R.  7  E.,  comer  sees.  4,  5, 8,  and  9,  stone  at  crossroads 

Hamler,  1 .25  miles  west  of,  road  crossing  north  and  south 

Hamler,  crossing  of  Baltimore  and  Ohio  Southwestern  and  Detroit, 
Toledo  and  Ironton  R.  Rs 

Road  crosslngnortheast  and  southwest  (south track) 

T.  3  N.,  R.  8  E.,  sec.  7,  northwest  corner,  iron  post  s'amped  "Prim. 
Trav.  Sta.  No.  11, 1906" 


41    14    21.9 


Latitude. 

Longitude. 

o 

, 

„ 

o      /       ,/ 

41 

14 

53.9 

84    07    40.5 

41 
41 
41 
41 
41 

14 
14 
14 
14 
14 

46.0 
30.0 
17.4 
21.0 
04.1 

84  06  47.7 
84  05  34.  C 
84  04  2J<.h 
84  04  28.8 
84    03    18.9 

41 
41 

13 
13 

46.7 
31.1 

84  01  47.4 
84    00    25.4 

84    50    50.9 
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PRIMARY    TRI ANGULATION    AND    PRIMARY    TRAVERSE. 


PAULDING   QUADRANGLE   (PAULDlNG   COUNTY). 

Geographic  positions  along  highways  near  north  border  of  quadrangle. 


SUtlon. 


Latitude. 


Longitude. 


Section  Ibio,  road  crossing  north  and  south 41 

T.  3  N.,  R.  3  E.,  corner  sees.  4,5,  8,  and  9,  crossroads 41 

T.  3  N.,  R.  3  K.,  comer  sees.  5,  6,  7,  and  8,  crossroads 41 

T.  3  N..  Rs.  2  and  3  E.,  comer  sees,  i,  6,  7,  and  12,  crossing  Cincinnati  i 

Northern  R.  R.  just  east  of '  41 

T  road  south 41 

Cecil,  crossroads  1  mile  north  of 41 

T.  3N.,  R.  2  E.,  center  sec.  2,  T  road  west 41 


25.1 
15.6 
14.7 

14.7 
53.7, 
51.2  I 
40.4 


84  30 
84  33 
84     33 


84 

84 
84 
84 


54.* 
02.: 

11.: 

OR-5 

(f  ♦ 
If 


PHILO   QUADRANGLE    (MORGAN    AND   MUSKINGUM   COUNTIES). 

Magnetic  declination,  north  border,  1°  52'  west;  west  border, 
0°  51'  west;  south  border,  1^04' west,  l'^  22'  west;  east  border,  1°  15' 
west,  1°  38'  WQst. 

Geographic  positions  along  Baltimore  and  Ohio  Railroad  between  Zanesrtlle  and  XoryriA. 


SUtion. 


Latitude. 


Lon^tode. 


Zanesville,  2  miles  north  of,  ZanesvlUe  and  Gilbert  road  just  west  of, 
between  Baltimore  and  Ohio  and  (Uncinnati  and  Muskingum  Valley 
R.  Rs.,  in  southeast  comer  of  field  of  Mrs.  Margaret  Clark,  In  stone 
post  10  by  12  by  33 inches,  aluminum  tablet  stamped  "Prim.  Trav. 
Bta.  No.  62,  1905" 

Block  station,  just  west  of,  overhead  crossing 

Mllepost  65,  center  of  track  opposite 

8  onora  station,  just  northeast  of,  just  inside  of  railroad  right  of  way, 
northwest  comer  of  J.  A.  Rush's  residence  bears  S.  40°  45'  E.,  distant 
25.5  feet;  northeast  comer  of  station  bears  S.  39"  W.,  distant  87.8 
feet;  iron  post  stamped  "Prim.  Trav.  Sta.  No.  61,  1905" 

Milepost  67,  road  crossing 

Mllepost  60,  0.75  mile  west  of,  road  crossing,  warning  post  on  north 
sitfe  of  track 

Bridge ville,  1  mile  west  of,  road  crossing  under  culvert 

Bridgeville  station,  center  of  track  opposite 

Norwich  station,  1.25  miles  west  of,  national  road  crossing 

Sundale  station,  center  of  track  opposite 

Sundale  station,  0.75  mile  east  of,  on  north  side  of  Baltimore  and  Ohio 
R.  R.  at  north-south  road  crossing,  in  soutliwest  comer  of  field 
owned  by  W.  E.  Dingley,  center  of  railroad  at  road  crossing  bears  S. 
12** .»'  W.,  distant  48  feet;  Iron  post  stamped  "  Prim.  Trav.  Sta.  No. 
60,  1905" 

Norwich,  0.5  mile  east  of,  crossing  of  national  road  and  north-south 
road,  33  feet  northwest  to  cross  on  telephone  pole,  64  feet  south  to 
corner  yard  fence 

Wli{»eling  and  Lake  Erie  R.  R.  milepost  4,  400  feet  south  of,  private- 
road  crossing 
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Geographic  positions  along  highways. 
Station.  Latitude. 


Longltodp. 


Pleasant  Valley  schoolhouse,  0.75  mile  south  of,  T  road  north,  6  feet  |      ° 
south  to  south  end  of  culvert,  39  feet  northwest  to  mail  box  on  fence.       30 

Pleasant  Valley.  0.5  mile  north  of,  T  road  east,  13  feet  northeast  to  elm 
snag,  27  feet  West  to  cross  on  fence  post 39 

Snowball  schoolhouse.  0.33  mile  southeast  of  T  road  southwest,  15  feet 
north  to  cross  on  large  comer  fence  post,  28  feet  southeast  to  west  , 
end  of  box  culvert 39 

Iliphhlll  post-oflico.  jtist  north  of,  T  road  east,  16  feet  southwest  to  ! 
cross  on  corner  of  stable,  33  feet  northeast  to  *'MF"cut  on  stone-  , 
wall 39 

England.  1.5  miles  south  of,  opposite  Lee  Warner's  mail  box,  arrow 
painted  on  rail  fence 39 
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OHIO. 
Geographic  positions  along  highrvays — Continued. 
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Station. 


Latitude. 


Freeland,  in  west  comer  of  George  Thorla's  field,  south  rail  of  narrow-  i 
gage  railroad  bears  N.  31°  45'  W.,  distant  38  feet;  south  comer  of 
station  bears  N.  57*»  E.,  distant  152.3  feet;  in  stone  post  12  by  12  by 
36 inches,  marked "U.S.G.S.,  "stamped  "Prim.  Trav.Sta.No.  60^'. I 

Center  of  bridge [ 

Rich  Hill,  Methodist  Church,  T  road  southeast,  10  feet  northwest  to 
cross  on  telegraph  pole,  28  feet  southeast  to  guidepost  ('*  Rexs  Mill 
1.5  ml.") - I      39 

Rexs  Mill,  0.25  mile  southeast  of,  T  road  west,  32  feet  west  to  cross  on  I 
fence  Dost,  27  feet  southwest  to  cross  on  gate  post i      39 

Rexs  Mill,  1  mile  northwest  of,  crossroads,  21  feet  northwest  to  Lee  | 
Davis's  mail  box,  22  feet  northeast  to  cross  on  telegraph  pole I      39 

Sundale,  1.25  miles  east  by  0.25  mile  south  of,  T  road  south,  22  feet  ! 
southeast  to  cross  on  comer  fence  post,  45  feet  north  to  cross  on  > 
board  fence t      ^ 


Longitude. 


o 

o 

30 

52 

5L2 

81 

46 

31.7 

39 

53 

43.9 

81 

46 

34.0 

54    33.9  , 


56    14.0 


81     45    12.1 
81    44    29.5 


81    45    14.0 


81    45    57.3 


Geographic  positions  along  Ohio  and  Little  Kanawha  Railroad  between  Brush  Creek  and 

Dillon. 


Station. 


I 


Brush  Creek  bridge,  al>out  1  mile  northwest  of,  0.25  mile  southeast  of 

coal-mine  shaft,  road  crossing 39    53 

Brush  Creek  station,  in  northeast  comer  of  A.  M.  Shylock's  field,  24 
feet  north  to  south  rail  of  Ohio  and  Little  Kanawha  R.  R.,  31  feet 
east  to  center  of  north-south  road,  iron  post  stamped  "Prim.  Trav. 

Sta.  No.  63,  1905  " 39 

Brush  Creek  bridge,  0.75  mile  south  of,  overhead  road  crossing 39 

Ohio  and  Little  Kanawha  R.  R.  milepost  3,  0.33  mile  north  of,  north-  | 

south  road  crossing 39 

Stovetown,  road  crossing  at  station 39 

Milepost  1,  road  crossing 39 

(^onnelsville  station,  Dillcm  post-olhcv,  just  oast  of,  street  crossing  ' 
railroad '      39 


ido. 

Longitude. 

„ 

o 

*       t* 

22.1 

81 

SO  42.6 

41.4 
02.8 

81 
81 

58  50.9 
50  00.9 

15.2 
19.6 
28.6 

81 
81 

81 

50  07.3 
50  12.0 
50  06.8 

48.9 

81 

59  46.0 

Geographic  positions  along  highways  from  IHllon  post-office  to  a  point  1.75  miles  north  of 

Rotvland  post-office. 


Station. 


Dillon  post-ofllce,  1  mile  southeast  of,  T  road  west  at  large  elm  tree, 
15  feet  southwest  to  elm  tree,  29  feet  northeast  to  corner  fence  post. . 

Forks  of  road,  17  feet  north  to  cross  on  telegraph  pole,  22  feet  east  to 
mail  box  No.  46 i 

Bailey  Church  and  schoolhouse,  0.25  mile  north  of,  T  road  south,  24 
feet  east  to  small  walnut  tree,  35  f<*W  southwest  to  cross  on  fence  post. 

Sharp  Hill  schoolhouse,  0.25  mile  east  of,  T  road  south,  35  feet  south- 
west to  cross  on  comer  fence  post,  21  feet  northeast  to  wild-cherry 


tree. 


stone. 


Latitude. 


Longitude. 


Duront,  0.75  mile  we^t  of,  T  road  north,  arrow  painted  on  Lewis  Fou- 
ta's  yard  fence 

Duront,  W.  H.  Stokes's  front  vard,  south  comer  of  fence  bears  N.  10° 
45'  W.,  distant  29.7  feet;  iron'post  stamped  **  Prim.  Trav.  Sta.  No. 67, 
1905" 

At  comer  of  apple  orchard,  T  road  north,  30  feet  to  cross  on  board  I 
fence,  28  feet  east  to  cross  on  fence  post ' 

Duront,  2  miles  east  of,  T.  11  S.,  R.  12  W.,  comer  sees.  3,  4,  9,  and  10,  t 


Brick  house,  T  road  west,  cross  on  corner  fence  post ' 

SewalPs  (John)  residence,  T  road  east,  24  feet  north  to  cross  on  fence  I 

post,  45  feet  west  to  cross  on  comer  of  outbuilding I 

Sewall's  (John)  residence,  1  mile  east  of,  T  road  southwest.  28  feet 

south  to  cross  on  gate  post,  36  feet  west  to  comer  of  hedge  fence ' 

Rowland  post-office,  0.5  mile  north  of,  at  T  road  west,  in  northeast  ' 

comer  of  Walton  Blackledge's  field;  iron  post  stamped  *  *  Prim.  Trav.  ' 

Sta.  No.  68, 1905  " 

Rowland,  1.76  miles  north  of,  T  road  southeast,  19  feet  south  to  mall 

box,  24  feet  northeast  to  large  dead  tree 
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84         PRIMARY   TRIANGULATION    AND   PRIMARY   TRAVERSE. 

8TRYKBR  QUADRANGLE   (FULTON   AND    WILLIAMS  COUNTIBS). 

Geographic  potUxons  along  highways  on  loest  border  cf  quadrangU. 


SUUon. 

Latitude, 

Longitude. 

T.  6  N.,  R.  3  E.,  north  corner  sees.  1  and  2,  T  road  south 

o 

41 
41 

41 
41 
41 
41 

41 
41 
41 
41 
41 
41 

30 
31 

33 
33 
34 
35 

36 
36 
37 
39 
39 
40 

49.4 
41.7 

oai 

2a7 

ia9 
11. 1 

02.4 
54.3 

la/ 

03.4 
5&1 
48.6 

9 

84 
84 

84 
84 
84 
84 

84 

84 
84 
84 
84 

84 

38   %7 

T.  7  N.,  R.  3  E.,  comer  aecs.  25,  26,  35,  and  36,  crossroads 

T.  7  N.,  R.  o  E.,  comer  sees.  23,  24, 25,  and  26,  O.o  mile  north  of,  T  road 
south 

38  as 

2S  m2 

T.  7  N.,  R.  3  E.,  comer  sees.  14,  15,  22,  and  23,  T  road  cast 

20    <Ki 

T.  7  N.,  R.  3  E.,  comer  sees.  10,  11,  14,  and  16 

29   479 

T.  7  N.,  R.  3  E.,  comer  sees.  2,  3, 10,  and  11,  crossroads 

21   «i6 

T.  8  N.,  R.  3  E.,  southwest  comer  sec.  35,  in  southwest  comer  of  field 
of  Joseph  Eberly,  northwest  comer  of  his  house  bears  S.  2*  E.,  dis- 
tant 91.4  feet;  southwest  comer  of  Wamiclc's  house  bears  N.  le*  W., 
distant  76.4  feet;  Iron  post  sUmped  "Prim.  Trav.  Sta.  No.  16, 1905  ". 

T.  8  N.,  R.  3  E^  north  comer  sees.  34  and  35 

29   414 

29   S&I 

T.  10  S.,  R.  2  W.,  south  comer  sees.  1  and  2,  crossroads 

29  eo 

T.  9  8.,  R.  2  W.,  comer  sees.  25,  26,  35,  and  36,  crossroads 

29   CT 

T.  9  8.,  R.  2  W.,  comer  sees.  23,  24,  25,  and  26,  crossroads 

29  e.'i 

T.  9  8.,  R.  2  W.,  comer  sees.  13, 14,  23,  and  24,  crossroads 

29   &4 

Geographic  positions  along  highways  on  north  border  of  quadrangle  near  Ohio-Mu^igai 

State  Utu. 


Station. 


Latitude. 


Longitude. 


T.  9  8.,  R.  2  W.,  in  soutlieast  comer  sec.  11,  in  southeast  comer  of  , 

field  of  E.  Thatcher,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  17,  '  °  '  " 

1905" 41  41  41.3 

T.  9  8..  R.  2  W.,  east  comer  sees.  12  and  13,  T  road  west j  41  41  *.9 

T.  9  8..  R.  1  W.,  comer  sees.  7, 8, 17,  and  18.  crossroads I  41  41  4a  7 

T.  9  8.,  R.  1  W.,  corner  sees.  8,  9, 16,  and  17,  T  road  south i  41  41  41.0 

Ohio-Biichigan  State  hne,  0.33  mile  west  of  Cincinnati  Northem  R.  R., 

Troadsouth 41  42  17.6 

Ohio-Michigan  State  line,  0.75  mile  east  of  Cincinnati  Northem  R.  R.,  I 

crossroads 1  41  42  19.2 

T.  9  8.,  R.  1  W.,  comer  sees.  10, 11, 14,  and  15,  Fulton- Williams  county  i 

line 41  41  41.5 

T.  9  8.,  R.  1  W.,  southeast  comer  sec.  1 1,  in  southeast  corner  of  field  of 

O.  8.  Wilnor.  iron  post  stamped  '" Pnm.  Trav.  8U,  No.  Z\,  1905". . .  41  41  41. 6 

T.  9  S.,  R.  1  W.,  east  comer  of  sees.  12  and  13,  T  road  west 41  41  42.Q 

T.  9  S..  R.  1  E.,  comer  sees.  7,  8, 17,  and  18.  crossroad 41  41  41.9 

T.  9  8.,  R.  1  E.,  comer  sees.  8,9.  16,  and  17,  crossroad 41  41  43.7 

T.  9  8.,  R.  1  E.,  corner  sees.  9,  10, 15,  and  16,  crossroad 41  41  45.3 

T.  9  8..  R.  1  E.,  corner  sees.  10, 11. 14,  and  15.  crossroad !  41  41  45.6 

Ohio-Michigan  State  line,  center  of  north-south  road 41  42  31. 7 

Ritters,  1.5  miles  southeast  of,  in  northwest  corner  of  Hewey  Sutton's  ' 
front  yard;  northwest  comer  of  Sutton's  bouse  bears  8.  79°  £.,  dis-  I 
tant  181.2  feet;  east  rail  of  electric  railway  at  crossing  bears  N.  67°  W.,  | 

distant  09  feet;  iron  post  sUmped  **Prim.  Trav.  Sta.  No.  24, 1905"..  41>  41  46.8 


84  29  4LI 

84  28  32.0 

84  27  21 : 

84  26  H» 

84  25  AJ 

84  24  3L» 

84  23  lfi.6 

84  22  IT.3 

84  21  %: 

84  19  «L6 

84  18  211^ 

84  17  19.: 

84  16  m.% 

84  16  ILI 


84    14    5IL7 


8UGAROROVB   QUADRANGLE   ( FAIRFIELD   COUNTY). 

Geographic  positions  along  Hocking  ValUy  Railway  between  Lancaster  and  Hooker. 


Station. 


Latitude. 


L<x^tfKle. 


Pleasant  triangulation  station  (2),  on  the  summit  of  a  bluff  locally 
called  Mount  Pleasant,  about  300  feet  above  and  1  mile  north  of 
Lancaster,  Ohio,  immediately  east  of  fairgrounds,  on  land  of  F.  J. 
Buschemeyer.  Station  marie:  Center  of  Iron  windmill  near  west 
end  of  summit.  Reference  mark:  A  triangle  cut  in  sandstone  ledge, 
witn  arrows  cut  on  edge  of  bluff  pointing  to  station.  Azimuth  from 
station  to  center  of  windmill,  148®  23^,  distance,  228  feet 

Lancaster,  crossing  of  Fair  avenue  and  Columbus  street 

Lancaster.  1.6  miles  northwest  of.  pllce  crossing  Hocldng  Valley  Rwy., 
east  track,  township  hne  follows  railroad  northwest 

Water  tank,  spout  between  tracks 

Hooker  station,  350  feet  northwest  of,  on  north  side  of  east-west  road, 
near  southeast  comer  of  field  of  Mike  Vase;  southwest  comer  of 
foundation  to  house  bears  N.  43*»  15'  E.,  distant  29  feet;  iron  post 
stamped  "Prim.  Trav.  Sta.  No.  48, 1905" 


39  43  3a56 

39  43  26.4 

39  43  30.1 

39  44  16.1 


39    44    51.5 


35  e,m 

36  ILK 


83    S7    4a« 
82    38    a9 


82    39    47.« 
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Geographic  positions  along  highways. 


85 


station. 


Hooker,  1.75  mitefr  west  of,  22  feet  northwest  to  R.  V.  Allen's  mall  box, 
25  feet  northeast  to  cross  on  fence  post 

Hooker,  3  miles  west  of,  at  crossroads,  In  east  part  of  Held  owned  by 
Jacob  Bookmon.  near  apple  tree  on  top  of  steep  l>ank  west  of  inter- 
section of  crossroads,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  49, 
1905" 


Latitude. 


39    44    52.7 


39    44    59.3  ; 


Longitude. 


82    41    51.7 


82    42    47.1 


8WANTON   QUADRANGLE    (PULTON    AND    LUCAS   COUNTIES). 

Geographic  positions  along  highways  near  north  border  of  quadrangle. 


Station. 


Seward,  2  miles  east  by  0.5  mile  north  of,  at  crossing  of  township-ilne 
road  with  Lyons-Metamora  road,  in  northwest  comer  of  field  of 
Adam  Math,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  25,  1905"... 

Whiteviile,  crossroads,  20  feet  southwest  to  E.  J.  Smith's  mail  box. 
'M  feet  north  to  road  crossing  of  T.  and  W.  eiectrtc  road 

Whiteviile,  T  road  north  1  mile  east  of,  27  feet  north  to  road  crossing 
of  T.  and  W.  electric  road,  24  feet  east  to  Peter  Myer's  mail  box 

Whiteviile,  T  road  north  2  miles  east  of,  at  stop  27, :«  feet  north  to 
road  crossing  of  electric  railroad 

Ohio-Michigan  State  line,  crossing  north-south  road 

Metamora,  center  of  bridge  over  creek  in 

In  south  part  of  schoolhouse  yard  at  county  line;  north  rail  of  elec- 
tric road  at  switch  block  bears  S.  49<'  30*  E.,  disUnt  126  feet;  south- 
east comer  of  schoolhouse  bears  N.  0^  15'  E.,  distant  78  feet;  iron 
post  stamped  "Prim.  Trav.  Sta.  No.  28,  1905" 


Berkv.  crossroads  at  stop  55, 1  mile  west  of,  'S\  feet  west  to  mail  box. 

30  feet  southwest  to  south  end  of  culvert 

Berky,  crossroads,  33  feet  southeast  to  crossing  of  T.  and  W.  electric 


road. 


Berky,  crossing  north-south  road  and  electric  road  1  mile  east  of 

Berky.  T  road  north  2  miles  east  of 

T.  9  S..  R.  5  E.,  sec.  II.  northeast  part  of.  0.25  mile  west  of  electric- 
railroad  Junction,  in  northeast  comer  of  field  owned  by  John  S. 
Clark,  at  T  road  south,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  27. 


1905" 


Ohio-Michigan  State  line 

T.  9  S.,  R.  5  E..  corner  sees.  11. 12, 13.  and  14. 0.25  mile  west  of,  mail  box 
of  Kate  R.  Van  Norman  and  Paul  Talor.  crossroads 


Latitude. 


41  42  33.7 

41  42  40.3 

41  42  45l5 

41  42  51.0 

41  43  05.9 

41  42  41.2 

41  42  42.6 

41  43  01.5 

41  42  54.2 

41  42  48.5 

41  42  55.7 


41    42    56.3 
41    43    19.8 


41    42    05.8  I 


jA)ngitude. 

O  /  // 

83  59  53.2 

83  58  34.9 

83  57  2&9 

83  56  15.4 

83  56  16.0 

83  54  38.0 

83  52  48.3 

83  51  31.9, 

83  50  21.9 

83  49  11.9 

83  48  05u6 


83    47    11.7 
83    48    06.6 


47    09.2 


Geographic  positions  along  highways  near  east  border  of  quadrangle. 


Station. 


T.  0  S..  R.  5  E.,  sees.  13,  14.  23,  and  24,  crossroads  0.25  mile  west  of 
19  feet  northeast  to  John  Q.  Taylor's  mail  box,  18  feet  north  to  east 
end  of  small  bridge 

T.  9  S..  R.  5  E..  sees.  23,  24,  25,  and  26,  T  road  north  0.25  mile  west  of, 
jD  feet  north  to  C.  Lochrihler's  mail  box,  27  feet  northeast  to  east 
end  of  stone  culvert 

T.  95  N..  R.  5  E.,  comer  sees.  22,  23,  26,  and  27,  T  road  north,  24  feet 
northeast  to  cross  on  telephone  pole,  21  tBet  northwest  to  west  end 
of  stone  culvert 

T.  9  S.,  R.  5  E.,  comer  sees.  21,  22,  27,  and  28,  33  feet  southwest  to 
cross  on  telephone  pole,  38  feet  southeast  to  comer  fence  post,  T 
road  south 

T.  9  S.,  R.  5  E.,  comer  sees.  27,  28,  33,  and  34,  crossroads,  21  feet  west 
to  center  of  bndge,  36  feet  northeast  to  southwest  comer  of  pool  hail. 

T.  9  8.,  R.  5  E.,  south  comer  sees.  33  and  34,  stone  at  T  road  north. . . 

T.  10  S.,  R.  5  E.,  comer  sees.  3,  4,  9,  and  10,  32  feet  northwest  to  cross 
on  telephone  pole,  31  feet  southeast  to  J.  K.  Barnes's  mall  box 

T  road  north  at  Oak  Grove  schoolhouse,  18  feet  northeast'to  J.  R. 
Bower's  mail  box,  36  feet  northwest  to  arrow  on  post 

Holland,  4  miles  west  of,  0.33  mile  south  of  Lake  Shore  and  Michigan 
Houthem  Rwy.,  at  crossroads,  iron  post  stamped  "Prim.  Trav.  Sta. 
No.  28.1905" 

T.  7  N.,  R.  5  E.,  sees.  11  and  12,  quarter  comer  between,  T  road  east, 
stone  at  Intersection  of  road 


Latitude. 


41    41    1^4  ; 
41    40    22.7 


41 

40 

22.5 

41 

40 

21.7 

41 

41 

39 
38 

27.4 
35.9 

41  37  45.2  I 

41  37  0a9 

41  3G  01. 0 

41  34  55.0. 


Longitude. 


83  47  07.9 

83  47  05.4 

83  47  42.9 

83  49  07.3 

83  49  05.6 

83  49  03.9 

83  49  02.3 

83  40  00.6 

83  47  34.8 

83  47  ia5 
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86  PRIMARY   TRIANGULATION   AND    PRIMARY   TRAVERSE. 

Geographic  'positions  along  highways  near  east  border  oftriande — Continued. 

Station.  Latitude.  Longttudes. 


T.  7  N.,  R.  5  E.,  east  comer  sees.  H  and  23,  T  road  west,  21  feet  north- 
west to  northeast  corner  of  stone  culvert,  23  feet  southwest  to  south- 
east comer  of  same  culvert 

T.  7  N.,  R.  5  E.,  comer  «0C8.  23,  24,  25,  and  26,  crossroads  at  school- 
house,  25  feet  northeast  to  mail  box  on  post.  33  feet  northwest  to 
maple  tree  at  comer  of  fence 

T.  7  N.,  R.  5  E.,  south  comer  sees.  35  and  36,  stone  to,  T  road  north. . 

Waterville,  3.5  miles  west  of,  on  Waterville-Neapolis  pike,  T  road 
north,  in  southeast  comer  of  field  of  John  Lichales,  iron  post 
stamped  "Prim.  Trav.  Sta.  No.  29,1905" 

Waterville,  2  miles  west  of,  crossroads  at  schoolhouse,  44  feet  south- 
west to  guidepost,  48  feet  southeast  to  iron  pump 

Waterville  station,  east-west  pike  crossing  of  Clover  Leaf  Route 
about  800  feet  southwest  of 


41    33   ;ia8 


41    32    44.0 
41    30    59.4 


83    47   Oft.  8 


83    47    Q9L4 
SS    47    «LS 


41    29    43.8  83    46   £i.$ 

41    29    44.1  S3    46    Qa» 

41    29    55.9  I         83    43   3S.3 


THORNVILLB   QUADRANGLE    (FAIRFIELD,  LICKING,  AND  PERRY   COUNTIES^. 

Magnetic  decimation,  north  border,  I*'  05'  west;  south  border,  (f 
37'  west;  west  border,  0°  15'  west;  east  border,  1"^  22'  west. 

Geographic  positions  along  Baltimore  and  Ohio  Railroad  between  miUpost  ^8  and 

Chalfont. 


Station. 


Latitude. 


Longituiif*, 


Milepost  28,  2,000  feet  north  of,  private-roiid  crossing ^  39 

Wfellom  station,  east- west  road  crossing 39 

Road  crossing  under  tn'stle 39 

Somerset,  0.5  mile  south  of  station,  overhead  crossing >  39 

Brick  plant,  switch  block  to  spur ,  39 

38 


Milepost  22,  496  feet  north  of,  east-west  road  crossing. 

Milepost  21,  440  feet  north  of,  road  crossing 

Chalfont  station,  east-west  road  crossing  in  southwest  corner  of  field 

of  N.  8.  Axline,  center  of  road  crossing  bears  S.  60°  15'  W.,  distant 

;;  33  feet;  iroft  post  stamped  *  *  Prim.  Trav.  Sta.  No.  62, 1905' ' 


45  47.3 

4«i  34.8 

47  27.2 

48  18.8 

49  26i0 

50  17.6 

51  0&6 


52    08.  7  I 


82  IS  5*7 

sa  IS  cs 

82  i:  ^7 

82  17  1*4 

82  16  U2 

82  16  Pii) 


Geographic  positions  along  Zanesville  and  Western  Railway  near  Glassrock. 


Station. 

Latitude. 

LongitiKfe. 

Glassrock  station,  north-south  road  crossing  railroad 

Off/ 

39    52    3a  7 
39    52    34.7 

82     17    22.6 

Milepost  21,  0.5  mile  cast  of,  north-south  road  crossing 

ay    m   Mi% 

Glassrock  station,  2  miles  east  of,  railroad  bridge  over  Jonathan 
Creek,  north-south  road  crossing,  800  feet  east  of 

39    52    39LS            «»    i«   (K« 

Geographic  positions  along  highways. 


station. 


I 

Latitude. 

o 

, 

„ 

39 

53 

57.9 

39 
39 

54 
65 

5a5 
44.8 

39 

56 

4a6 

39 

50 

21, 2 

40 

00 

04.8 

Loogitodc. 


On  top  of  hill  and  T  road  east,  0.  Ilartsough's  mail  box 

Comer  sees.  13  and  14  (?)  on  Licking- Perry  county  line,  rail  fence  west 
along  north  ed^  of  woods,  19  foet  west  to  cross  on  fence  post 

Brownsville,  I  mile  south  of,  crossroads,  cross  on  comer  fence  post 

Brownsville.  Davy  Hotel,  just  west  of,  T  road  north,  35  feet  north- 
west to  guidepost,  39  feet  southeast  to  cross  on  telegraph  pole 

Brownsville.  3  miles  north  of,  at  Clark's  blacksmith  shop,  crossroads, 
guidepost 

Boodle  sehooihouse,  1  ..33  miles  southeast  of,  road  south,  13  feet  north 
to  cross  on  gatepost,  36  feet  southwest  to  mail  box 


82  15  l&S 

82  15  US 

82  15  &i 

K2  15  2SkI 

82  15  4Kn 

82  16  5?.5 
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Geographic  positions  qlong  Toledo  and  Ohio  Central  Railway  near  Hebron. 


station. 

Latitude. 

Longitude 

Milepost  13,  just  north  of,  private-road  crossing 

o          /            // 

40    00    3&5 
39    SO    27.9 

39    57    41.2 

O           f            ff 

82    28    3SL8 

Trestle  No.  1364  over  northeast-southwest  gravel  road,  center  of 

Hebron,  crossing  of  Toledo  and  Ohio  Central  and  C,  N.  and  Z. electric 
road 

82    28    4&9 
82    29    34.1 

Geographic  positions  along  highways. 


station. 


Baptist  Comers,  1  mile  east  of,  center  of  bridge  at  crossroads , 

West  Rushville,  crossroads,  46  feet  southwest  to  northeast  corner  of 

Dilger  Bros.'  store,  63  feet  southeast  to  John  Diigjer's  store , 

Kushville,  cro^roads  at  Ruchville  Hotel,  center  of  intersection 

Rasl^ville,  1.1  miles  east  of,  T  road  north,  27  feet  northwest  to  cross 

on  fence  post,  27  feet  southwest  to  cross  on  telegraph  pole 

Perry- Fairfield  county  line,  T  road  south , 

Riisbvilic,  2.5  miles  east  of,  2  miles  north  of  Avion,  at  crossroads,  in 

southeast  comer  of  John  Love's  farm;  southwest  comer  of  Thos. 

Griffin's  residence  bears  N.  60®  E.,  distant  45.fi  feet;  iron  post  stamped 

"Prim.  Trav.  Sta.  No.  51, 1905" 

Ottoman,  United  Brethren  Church,  0.25  mile  south  of,  crossroads,  10 

feet  west  to  cross  on  comer  fence  posi,  24  feet  to  cross  on  comer 

post  in  wire  fence , 

Top  of  hill,  T  road  east,  15  feet  southeast  to  Henry  Brehm's  mall  box, 
Sboal  House,  T  road  west,  12  feet  east  to  cross  on  small  locust  tree, 

32  feet  northwest  to  southeast  corner  of  coal  shed , 


Latitude. 

Longitude. 

o          / 

„ 

o 

f         n 

39    46 

31.1 

82 

29    20.4 

39    45 
39    45 

4&9 
52.6 

82 
82 

26  51.8 
25    54.5 

39    40 
39    46 

01.2 

oa4 

82 
82 

24  41.3 
24    06c  9 

39    46 

0fx6 

82 

22    57.9 

39    46 
39    45 

09.9 

5ai 

82 

82 

21    47.4 

21  oas 

39    45 

21.4 

82 

20    34.8 

THURSTON    QirADRANGLE    (PAIRFIELD   AND   LICKING   COUNTIES). 

Ma^etic  declination,  west  border,  0°  31''  west. 
Geographic  positions  along  Baltimore  and  Ohio  Railroad j  Summit  to  Outville. 


Station. 


Summit^  road  crossing  at  station,  north  track 

Bummit  station,  1  mile  east  of,  north  track  at  north-south  road  cross- 
ing  

Summit,  2  miles  east  of  station,  north  track  at  east-west  road  crossing 

Columbia  Center,  north-south  road  crossing , 

Pataskaia,  street  crossing  east  of  station 

Pataskala,  1.5  miles  east  of,  at  road  crossing  Pennsylvania  R.  R.,  in 
soatheast  comer  of  field  of  Edward  Condit:  north  rail  of  north  track 
at  road  crossing  bears  S.  20°  30^  E.,  distant  60  feet;  iron  post  stamped 
•*Prlm.  TravTsta.  No.  35, 1905" 

Pataskala,  2.5  miles  east  of,  south  track  at  road  crossing , 

Outville,  north-south  road  crossing 

Outville,  1  mile  east  of,  north  track  at  north-south  road  crossing 


Latitude. 


39  59  52.6 

39  59  5a7 

39  50  49.3 

39  59  48.0 

30  50  4a2 


Longitude. 


82  45  07.6 

82  43  45.4 

82  42  4a4 

82  41  49.6 

82  40  31.1 


39    50    44. 2  I  82    38  41. 5 

39    50    41. 9  i  82    37  32. 6 

39593a6l  8235  48.  4 

3959440^  8234  40.  4 


Geographic  portions  along  Toledo  and  Ohio  Central  Railway,  Outville  to  Pleasantville. 


Station. 


BiCilepost  8,  center  of  track  opposite 

X-<icldng- Fairfield  count v  line,  east-west  road  crossing 

^Cillersport,  1  mile  north  of,  water  tank,  center  of  track 

^dllersport,  near  bridge,  in  south  pan  of  lot  owned  by  Pence  &  Swisher, 

47  feet  due  west  to  east  rail;  cross  on  comer  of  bridge  abutment 

1)68X8  S.  64*»  45^  W.,  distant  54.7  feet;  iron  post  stamped  "Prim. 

Trav.  Sta.  No.  46,  1905" 

;^CiUersport,  2  miles  south  of,  east-west  gravel  road  crossing 

Ttmrston,  crossing  of  Zanesville  and  Westem  and  Toledo  and  Ohio 

Central  Rwys 

TTiurHton,  1.2  miles  south  of,  center  of  track  at  east- west  road  crossing. 
Tliurston,  1.2  miles  south  of,  T.  16  S.,  R.  18  W.,  corner  sees.  27,  28,  33, 

And  34,  610  feet  west  of  east-west  road  crossing 

j=*lca8antville,  township  line,  road  crossing ». 


Latitude. 

o 

39 

56 

49.4 

39 

55 

38.6 

39 

64 

42.6 

39 

53 

67.7 

30 

52 

10.2 

39 

60 

4&2 

39 

49 

2a3 

49    28.3  1 
39    48    3a  2 


Longitude. 


82  30  36.6 
82  31  15.1 
82    31    43.7 


82    32    12.9 
82    32    32.8 


82    32    39.7 
82    31     45.9 


82    31     63.8 
82    31    02.  4 
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PRDCABY    TBIANGDLATION   AND   PBIMABY   TBAVEB8E. 


Oeographic  positions  along  highways^  PleasantviUe  to  a  point  5  miles  west  cf  list 

schooUiouse. 


SUtlon. 


Pleasant ville,  1.33  miles  east  of.  crossroads  at  schoolbouse,  33  feet 

northeast  to  cross  on  telegraph  pole,  38  feet  northwest  to  cross  on 

comer  fence  post 

Sohoothouse,  1  mile  south  of,  T  road  east,  24  feet  northeast  to  granite 

bowWer.  39  feet  southeast  to  locust  tree 

PleasantviUe,  2.5  miles  south  and  0.5  mile  east  of,  in  southeast  comer 

of  Baptist  schoolbouse  yard;  pump  bears  west,  distant  11  feet; 

southeast  comer  of  schoolbouse  bears  N.  44^  20^  W.,  distant  25.7 

feet;  iron  post  stamped  "Prim.  Trav.  Sta.  No.  47, 1905" 

Bridge  over  creek,  700  feet  east  of,  T  road  south  just  east  of  J.  0. 

Hertz's  mai!  box 

T.  15  8.,  R.  18  W.,  sees.  16, 17,  20,  and  21,  comer  of  stone  and  T  road 

north 

Lancaster,  3.5  miles  north  of,  Friesner's  nursery,  crossroads,  30  feet 

northwest  to  cross  on  telegraph  pole 

Zinc  schoolbouse,  crossroads,  19  feet  south  to  large  elm  tree 

T  road  west  at  corner  of  sections  (no  numbers) 

Qravel  pit.  crossroads,  33  feet  northeast  to  cross  on  board  fence,  34 

feet  northwest  to  cross  on  comer  fence  post 


Latitude. 


Loi«itii(k. 


39    47    5L7  I 
39    46    55l8 


39    46    22.1 
30    45    57.2 


39    46    0L5 


82  30  315 

83  »  AS 


82    30  21i 
82    31    441 


82    3}  a.  3 


39 
39 
39 

46 
45 
45 

010, 

oa2 

34.2  ' 

82 
82 

82 

34  r.> 

35  ft-l 
C   414 

39 

46 

24.3 

82 

fi    1&4 

Geographic  positions  along  Hocking  Valley  Rctilway. 


SUtlon. 


Latitude. 


Carroll  station,  0.5  mile  southeast  of,  north-south  road  crossing  rail-  **  '  '' 

road 39  47  33.8 

Carroll  station,  east- west  road  crossing 39  48  0a6  I 

Little  Walnut  Creek,  0.25  mile  south  of,  east-west  road  crossing 30  49  06i6| 

Sherman  schoolbouse,  1  mile  south  of,  north-south  road  crossing 39  49  45i  2  ' 


Loogltiiik. 


82  42  a: 

82  42  J&( 

82  43  M  2 

82  43  SIS 


Geographic  positions  along  hightuays,  Sherman  to  district  No.  10  schooOumse. 


Station. 


Latitude.      '     Loogitode. 


Sherman  schoolbouse,  crossroads,  35  feet  southwest  to  walnut  tree, 

23  feet  southeast  to  cross  on  telemph  pole 

Sherman  schoolbouse,  1  mile  nortn  of,  crossroads,  30  feet  northeast 

to  mail  box,  26  feet  southeast  to  cross  on  fence  post 

T.  15  8.,  R.  20  W.,  comer  sees.  13.  14.  23,  and  24 

T.  15  S.,  R.  20  W..  sees.  11, 12, 13,  and  14,  crossroads,  24  feet  southwest 

to  mail  box  on  fence  post,  24  feet  northwest  to  cross  on  telegraph 

pole. 


39    50   27.3 


T.  15  8.,  R.  20  W.,  northwest  corner  sec.  12,  at  T  road  south,  in  north- 
west comer  of  Wm.  Hay's  pasture;  nail  in  root  of  small  cherry  tree 
bears  8.  6*>  E.,  distant  13.4  feet;  iron  post  stamped  "Prim.  Trav. 
Sta.  60,  1905" 

Violet  Chapel.  0.25  mile  north  of,  forks  of  road,  19  feet  northwest  to 
cross  on  gatepost,  21  feet  southeast  to  cross  on  large  fence  post 

Violet  Chapel,  1.5  miles  north  of,  stone  at  crossroads 


39    52    3Ql4  I 


39    53    32.6  i 


Wagram,  1  mile  south  of,  crossroads.  23  feet  southeast  to  comer  of 
rail  fence,  24  feet  northeast  to  bowlder  at  end  of  hedge  fence 

Wagram,  at  post-office,  north-south  road  crossing  of  C,  N.  and  Z. 
electric  railway 

Wagram,  1.25  miles  west  of,  T  road  north,  24  feet  northeast  to  cross 
on  board  fence,  40  feet  northwest  to  guidepost 

Schoolbouse,  district  No.  10,  T  road  south,  Philip  Krunnas's  mail  box. 


82  43  r: 


39    51    20  6  82    43    iri 

39    51    47.4  82    a    3Bl4 


82    43    l&l 


82    43    U  4 


39 
39 

54 
55 

3a8, 
467 

82 
82 

43 
43 

414 

39 

56 

4a6 

82 

43 

SLi 

39 

57 

24.6 

82 

43 

&l 

39 
39 

57 
58 

23.4: 
3LS 

82 
83 

4S 
45 

ILl 
«4 
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WAU8BON   QUADRANGLE   (PUIJTON  COUNTY). 

Geographic  positiong  along  highways  on  south  border  of  quadrangle. 


Station. 


T.  6  N.,  R.  7  E.,  northeast  corner,  sec.  13.  at  crossroads,  in  northeast 
comer  of  orchard  owned  bj  Edna  Cline,  iron  post  stamped  "Prim. 
Trav.  Sta.  No.  31, 1905" 

T.  6  N.,  R.  7  £.,  north  comer  sees.  11  and  12,  T  road  soath,  31  feet 
southwest  to  cross  on  comer  fence  post,  30  feet  northwest  to  E.  M. 
Smith's  mailbox 

T.  6  N..  R.  7  E.,  comer  sees,  10, 11, 14,  and  15,  crossroads,  33  feet  south- 
west to  end  of  wire  fence,  37  feet  northwest  to  cross  on  gatepost 

T.  6  N..  R.  7  E.,  comer  sees.  2, 3, 10,  and  11,  crossroads,  ^  feet  south- 
west to  south  end  of  culvert,  41  feet  southeast  to  cross  on  comer 
ftoce^Mst , 

T.  0  N.,  R.  7  E.,  corner  sees.  3, 4, 0,  and  10,  crossroads,  39  ftot  south- 
east to  cross  on  comer  fence  post,  45  feet  southwest  to  G.  S.  Fred- 
erick's mall  box 

T.  6  N.,  R.  7  E.,  comer  sees.  4. 5. 8,  and  9,  crossroads,  34  feet  southeast 
to  cross  on  comer  fence  post,  48  feet  southwest  to  cross  on  fence  post. 

T.  6  N.,  R.  7  E.,  comer  sees.  5, 6, 7,  and  8,  crossroads  at  schoolhouse,  33 
feet  northeast  to  T.  L.  Ammand's  mail  box,  35  feet  northwest  to 
croM  on  telephone  pole 

T.  6  N.,  R.  6  E.,  east  comer  sees.  1  and  12, 31  feet  northwest  to  Val  Sny- 
der's mail  box,  34  feet  southwest  to  comer  of  rail  fence 

T.  6  N.,  R.  6  E.,  southwest  comer  sec.  1,  in  southwest  comer  school- 
house  No.  3  yard,  crossroads,  southwest  comer  of  schoolhouse  bears 
N.  16"  lO'  E.,  distant  171.4  feet;  northwest  comer  foundation  of 
church  bears  S.  2"  30^  E.,  distant  79.9  feet,  iron  post  stamped  "Prim. 
Trav.  Sta.  No.  32, 1906" 

T.  6  N.,  R.  6  E.,  comer  sees.  2,  3, 10,  and  11,  crossroads,  34  feet  south- 
east to  cross  on  comer  fence  post,  36  feet  northeast  to  cross  on  yard 
fence  post 

T.  6  N.,  R.  6  E.,  comer  sees.  3, 4, 9,  and  10,  crossroads,  34  feet  southeast 
to  cross  on  telephone  pole.  39  feet  northeast  to  penalty  notice 

T.  6  N.,  R.  6  E.,  comer  sees.  4, 5, 8,  and  9,  crossroads,  12  feet  southeast 
to  cross  on  telephone  pole,  29  feet  southwest  to  Frank  Lea's  mail  box. 

T.  6  N.,  R.  6  E.,  comer  sees.  5, 6, 7,  and  8,  at  schoolhouse,  crossroads,  28 
feet  southwest  to  David  Reyze's  mail  box,  43  feet  northeast  to  Iron 
fence 

T.  6  N.,  R.  5  W..  east  comer  sees.  1  and  12, 33  feet  southwest  to  comer 
of  earden  fence,  32  feet  northwest  to  cross  on  advertising  board 

T.  6  N.,  R.  5  E.,  southeast  comer  sec.  2,  in  southeast  comer  of  yard  of 
district  No.  14  schoolhouse,  center  of  iron  pump  in  yard  bears  N.  82° 
W.,  distant  42  feet;  southeast  comer  of  schoolhouse  bears  N.  45<* 
W.,  distant  44.7  feet 


Latitude. 


Longitude. 


41    29    10.5  84    00    30.7 


41    29    10.9  ; 


41 

29 

11.5 

41 

30 

03.9 

41 

30 

01.2 

41 

30 

01.1 

41 

30 

00.9 

41 

30 

02.0 

41 

30 

01.7 

41 

30 

01.3 

41 

30 

01.2 

41 

30 

00.0 

41 

30 

00.3 

41 

30 

00.6 

41 

30 

00.8 

84  01  05.5 

84  02  15.2 

84  02  14.9 

84  03  ^.8 

84  04  34.8 

84  05  43.8 

84  06  52.5 

84  06  02.0 

84  09  12.0 

84  10  21.7 

84  11  30.1 

84  12  41.1 

84  13  44.0 

84  14  54.0 


ZANE8VILLE   QUADRANGLE   (LICKING   AND   MUSKINGUM   COUNTIES). 

Magnetic  declination,  west  border,  1°  22'  west;  east  border,  0°  51' 

west. 

Geographic  positions  along  highways. 


Station. 


Latitude. 


Gratiot,  2.5  miles  north  of,  2.5  miles  east  of  Clark's  blacksmith  shop, 
T  road  south,  30  feet  southeast  to  laige  chestnut  tree,  17  feet  north- 
east to  cross  on  rail  fence 

Licking-Muskingum  county  line,  rail  fence  north  and  south,  center  of 
road,  25  feet  south  to  west  end  of  hedge  fence 

G-  W.  Fisher's  mail  box  at  Newark,  road  to  northwest 

J .  Riggies's  mail  box,  center  of  small  bridge 

E.  Tismith's  mail  box,  southeast  comer  of  iron  bridge 

Pleasant  Valley  station,  2  miles  southwest  of,  just  south  of  Mapdonia 

•  Church;  in  northeast  comer  of  lot.  In  front  of  S.  W.  Wincia^s  resi- 
dence, iron  post  stamped  "Prim.  Trav.  Sta.  No.  53, 1905" 


Longitude. 


39    59   05.1 


50    47.1 


82    13    15.9 


39 

59 

12.2 

82 

11 

48.5 

39 

59 

16.6 

82 

11 

05.7 

39 

59 

24.1 

82 

10 

08.7 

39 

50 

53.0 

82 

09 

20.8 

82    06    24.2 
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Geographic  positions  along  Baltimore  and  Ohio  Railroad  near  Dillon. 


Station. 


Latitudp. 


LongitiKle. 


MilepoBt  84,  900  feet  west  of ,  private-road  crossing ,      39    59    38.0  82   05  07.9 

Milepost  83,  center  of  track  opposite I      39    58    57.7  82    04   09-* 

Dillon  station,  road  crossing ,      30    58    17.0  82   03   30. 8 


Geographic  positions  along  hiahuays. 


Station. 


Dillon,  0.75  mile  north  of  station,  on  east  side  of  river,  T  road  east,  25 
feet  southeast  to  cross  on  board  fence,  27  feet  northeast  to  cross  on 
comer  fence  post 

Harris's  farm,  crossing  of  Frostburg  road  and  east-west  road,  33  feet 
southwest  to  cross  on  telegraph  pole.  27  feet  northeast  to  cross  on 
tel^raph  pole 

Zanesville,  3  miles  north  of,  J.  N.  Blair's  farm,  T  road  west,  33  feet 
northwest  to  cross  on  board  fence,  16  feet  east  to  cross  on  gatepost . 


Latitude. 


5K    49.6 


39    58    Mk5 
39    58    45.0 


LoQgttode. 


82  m  (&< 


Geographic  positions  along  Wheeling  and  Lake  Erie  Railroad,  near  Zanesinlh. 


Station. 


Latitude. 


Longitude. 


Zanesville,  Monroe  Street  Bridge  over  railroad 39  57  05.5 

Licking  Creek,  center  of  terminal  railway  bridge  over 39  56  30. 6 

Owen  (J.  B.)  Pottery  Co.'s  plant,  just  south  of,  road  crossing  under 

trestle l  39  55  35.4 

Jonathan  Creek,  road  crossing  just  north  of  bridge  over 39  64  15. 9 


Geographic  positions  along  highways. 


Station. 


Latitude. 


Muskingum-Morgan  county  line,  center  of  road  at,  30  feet  due  east  to  i      "     '       " 
dead  beech  tree  at  comer  of  fence I      39    46    05.9 

Morgan  County  line,  0.33  mile  south  of,  stone  at  crossroads,  25  feet  I 
south  to  cross  on  fence  post,  54  feet  northeast  to  comer  of  bam I      39    45    50.7 

Muskingum-Morgan  county  line.  0.5  mile  south  of,  in  southeast  comer  I 
of  foundation  to  brick  house  of  N.  H.  Pleteher  on  the  Dillon-Dover- 
town  road,  aluminum  tablet  stamped  "Prim.  Trav,  Sta.  No.  64, 
1905" '      39    45    43.0 

Dovertown  1 .5  miles  northeast  of.  at  Charles  Bush's  residence.  T  road 
east,  40  feet  to  C.  A.  Pletcher's  mall  box,  9  feet  south  to  west  end  of  . 
boxculvert !      39    45    01.4 


82    00    06^0 
82    01    2S.: 


82    01     4t* 
82    00    14.4 


LoQgitodf. 


82    00    15.6 
82    00    30.6 


82    00    31.1 


PENXSYIiVANIA-NKW  YORK. 

TRIANGULATION  STATIONS. 

WARREN  COUNTY,  PA. ;    CHAUTAUQUA   COUNTY,  N.  Y. 

WARREK  AHD  YOTTNOBYILLE  aTTADRANOLES. 

During  the  summer  of  1905  E.  L.  McNair,  topographer,  located 
eight  new  stations  for  the  control  of  these  two  quadrangles,  one  of 
these  stations  being  in  Chautauqua  County,  N.  Y.,  near  the  State  I'me. 
This  triangulation  was  based  on  Meas  and  Busti,  two  stations  of  the 
Geological  Survey  in  Chautauqua  County,  N.  Y.,  established  by  A.  H. 
Thompson  in  1902. 
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BUST!,    CHAUTAUQUA   COUNTY,    N.    Y. 

In  the  southeast  corner  of  Busti  Township,  about  2  miles  a  Httle 
east  of  south  from  the  village  of  Busti,  on  a  commanding  ridge  on 
land  owned  by  C.  Meredith. 

Station  mark:  A  stone  post  30  by  6  by  6  inches  set  28  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  triangula- 
tion  tablet. 

[Latitude  42*00'  32.55".    Longitude,  79°  16'  25.26".] 


To  station- 

Azimuth. 

Baclc  azimuth. 

O             t               ft 

o           /              // 

Panama 

108    08    36.83 
194    05    59.78 
201    20    39.98 
227    50    04.10 
254    30    43.27 
341     12    36.14 

287    58    46. 96 

Meas 

14    07    45. 77 

II  ighland 

21    25    02. 32 

Walrod 

47    56    24.  17 

J*eteraon 

74    38    04. 93 

Nelson 

161     13    42.13 

Log. 
distance. 


Meters. 
4.3286072 
4. 17349a5 
4.4000139 
4.2451027 
4.1970889 
3.8485040 


MEA8,  CITAUTAITQUA   COUNTY,  N.  Y. 

Near  the  centOT  of  Ellicott  Township,  on  a  high  ridge  about  3 
miles  north  of  Jamestown  and  one-third  mile  south  of  the  James- 
town-Ross Mills  road,  on  land  owned  by  P.  A.  Melonist. 

Station  mark:  A  stone  post  40  by  6  by  6  inche^s  set  36  inches  in 
the  grduhd  and  having  a  bronze  tablet  cemented  in  its  top. 


(Utltude  42«  08'  21.22".    Longitude  19P  13'  47. 

09".]     • 

To  station- 

Azimuth. 

3    42    36.51 

14    07    45.77 

71    53    22.33 

90    18    08.34 

211     41     41.49 

285    49    02.01 

311    39    50.39 

341     46    17.09 

Back  azimuth. 

Log. 
distance. 

Nelson  

o        ,          .       ; 
183    41    56. 66  i 
194    05    59.78 
251     41     45.66 
270    06    18.84 

31     44    22.96 
105    53    36.  45  1 
131     45    26.57  1 
161    51    00. 88  , 

Meters. 
4.3260087 

Busti 

4.1734905 

Panama 

4.4002458 

Bates 

4.3853254 

Highland 

4.0211111 

Walrod 

3.9898545 

Peterson 

4. 1886157 

Quaker  Hill 

4.495a339 

PETERSON,  CHAUTAUQUA    COUNTY,  N.  Y. 

In  Carroll,  about  3i  miles  east  of  Frewsburg,  on  a  bare  hill  on  farm 
of  Frank  Peterson.     View  cut  off  to  east  by  higher  ridges. 

Station  mark:  A  sandstone  post  36  by  6  by  6  inches  set  32  inches 
in  the  ground,  in  center  of  top  of  which  is  a  bronze  triangulation 
tablet.. 

(Latitude  42<»  02'  48.2-i".     Longitude  79"  05'  25. 58".] 


To  station— 

1        Azimuth. 

5    15    07.39 

1        49    58    03.48 

1         74    38    04.93 

1       131     45    26.57 

Back  azimuth. 

Log. 
distance. 

Quaker 

Nelson 

Busti 

Meas 

o            /               </ 

185    14    15.61 
229    51     48.101 
254    30    43.27 
311     39    50.39 

Meters. 
4.2902612 
4.2272878 
4. 1970889 
4. 1886157 
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BULL,  WARBEN   COUNTY,  PA. 

In  the  southwest  part  of  Sugar  Grove  Township,  on  a  small  knob  of 
conglomerate  rock  on  land  owned  by  Warren  Bull.  An  excellent 
view  in  every  direction. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid  rodt. 

[Latitude  41*»  65'  34. 76".    Longitude  79*  2^  3&  SV',] 


To  station- 


Nelson 

Yankee  Bush 
Crippen 


Azimuth. 

o 

, 

„ 

268 
291 
335 

07 
38 
03 

32.15 
6&82 

oaoi 

Back  azimuth. 


Log. 
distsnee. 


*»  '  "      !  Mcten. 

78  13  1ft  67            4.08nill 

111  46  40ia0  ,          4.23SKD6 

165  05  41. 12  ;         4.  U&a 


CLARENDON,  WARREN  COUNTY,  PA. 

On  a  brushy  and  timbered  hill  about  3  miles  west  of  Clarendon  and 
1  mile  north  of  J.  E.  Boyd's  house  on  Tionesta  Creek,  about  40  rods 
east  of  road  going  over  the  hill. 

Station  mark:  A  marble  post  36  by  6  by  6  inches  set  30  mches  in 
the  ground,  in  top  of  which  is  cemented  a  bronze  triahgidation  tablet. 

(Latitude  41*»  47'  04. 13".    Longitude  79*»  00'  37. 69".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distaitfe. 

Wilcox 

o           /              // 

90    33    5&69 
161    38    51.48 
202    32    5065 

0           f             ff 

270    30    24.03 
341    37    2L45 
22    34    47.06 

MeUn. 

3L»74S» 

Yankee  Bosh 

a»SUS4 

Quaker  Hill 

4;a21«BB 

CRIPPEN,  WARREN   COUNTY,  PA. 

In  Brokenstraw  Township,  about  2  miles  south  of  Youngsville,  on 
a  rocky  timbered  knob  on  land  owned  by  A.  L.  Crippen.  The  view 
is  good  to  north,  but  cut  off  to  the  southwest  and  south.  Instrument 
elevated  34  feet  on  trunk  of  chestnut  tree,  around  which  is  built  a 
tower,  which  is  fastened  to  the  solid  rock  by  four  iron  ring  bolts. 

Station  mark :  A  bronze  triangulation  tablet  cemented  in  solid  rock. 

Reference  marks:  Centiir  of  chestnut  tree  used  for  observing  sup- 
port and  center  of  tower  is  distant  10  feet,  azimuth  103**  43'. 


(Latitude  41«>  49' 21. 06". 

Longitude  79*  19'  34. 22".] 

To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Bull  

156    05    41.12 
206    16    3016 
244    06    0&16 
302    67    ia28 

335  03  06l01 
25  18  42.17 
64    11    13.06 

123    00    1&I9 

4104SfiS 

Nelson ...          . .      -  

4.1910MB 

Yankee  Bush . . . 

• 

4.0790 

Wilcox 

18837312 
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NELSON,  WARREN  COUNTY,  PA. 

In  Farmmgton,  about  1  mile  south  of  Lander  post-office,  in  a 
cleared  field  on  land  owned  by  John  T.  Nelson. 

Station  mark:  A  marble  post  36  by  6  by  6  inches  set  34  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet. 

[Latitude  41*»  60'  5«.  00".    Longitude  7»»  14'  46.  eo".] 


To  station— 


Crippen 

Biifi 

BustI 

Meas 

Peterson 

Quaker 

Yankee  Bush 


Aslmuth. 


Back  azimuth. 


o 

/ 

1' 

25 

18 

42.17 

78 

13 

19.67 

161 

13 

42.13 

183 

41 

56.66 

220 

51 

48.10 

307 

29 

07.07 

335 

41 

09.25 





1 

o 

/ 

"      1 

205 

15 

3a  15 

258 

07 

32.15 

341 

12 

36.14 

3 

42 

36.51 

49 

58 

0a48 

127 

34 

3a  06 

155 

43 

0&42 

Log. 
distance. 


4.1910448 
4.0877421 
3.8485040 
4.3260087 
4.2272878 
4.1477938 


QUAKER   HILL,    WARREN   COUNTY,   PA. 

In  Glade,  about  4  miles  northeast  of  Warren,  on  a  prominent  bare 
hill  on  land  owned  by  W.  D.  Ward. 

Station  mark:  A  marble  post  36  by  6  by  6  inches,  set  34  inches  in 
the  ground,  in  top  of  which  is  cemented  a  bronze  triangulation 
tablet. 

(Latitude  AV  52'  18.57*.    Longitude  79«  06'  43.02*.] 


To  station- 

Azimuth. 

Back  asimuth. 

202    32    5a55 
267    25    54.64 
307    29    07.07 
341    46    17.09 
5    15    07.39 

Log. 
distance. 

Clarendon 

22    34    47.05 
87    29    2L  33 
127    34    30.08 
161    51  -0a88 
185    14    1&61 

Meieri. 
4.0214009 

Yankee  Bush 

3.8542143 

Nelson 

4. 1477939 

Meas 

4.4950330 

Peterson 

4.2902612 

WILCOX,    WARREN   COUNTY,   PA. 

On  a  brushy  and  timbered  hill  about  7  miles  southwest  of  Warren 
and  2  miles  east  of  Allegheny  River,  on  land  owned  by  Earl  Wilcox. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid 
rock. 

Reference  marks:  Four  iron  ringbolts  fastening  signal  to  rock  and 
distant  about  6  feet  from  center  of  station. 


ILatitude  41'»  47'  06.37*.    Longitude  79*»  14'  56.83'.! 

To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Crippen 

Q             /                // 

123   00   iai9 
204    30    14.43 

o           /              // 

302    57    ia28 
24    32    17.23 

Mtteri. 
3.8827312 

Yankee  Bush... 

4. 0102466 

Clarendon 

270    30    24.03 

90    33    5a69 

3.8827312 
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YANKEE   BUSH,   WARREN    COUNTY,   PA. 


In  Conewango  Township,  about  3i  miles  northwest  of  Warren,  on 
roadside  close  to  cemetery  fence. 

Station  mark:  A  marble  post  36  by  6  by  6  inches,  set  28  inches  in 
the  ground,  in  top  of  which  is  cemented  a  bronze  triangulation  tablet. 


[Latitude  ^l"  52*  08-30*.    Longitude  79°  11'  52.69'.] 


To  statioa— 


I 


Azimuth. 


Back  azimuth. 


Wilcox 24  32  17.23 

Crlppen 04  11  ia05 

Bull Ill  46  4a20 

Nelson 155  43  05.42 

QuakerHill 267  25  54.64 

Clarendon 341  37  21.45 


204  30  14.43 

244  06  05^15 

291  38  5a82  j 

335  41  0a25 

87  29  21.33  i 

161  38  51.48 


I  Log. 

j     dlatjuice. 

Metert. 

4.01034« 
4.07305» 
4.23^0605 
^9^.5983 
aS542143 
a  9951024 


PKXN8YT.VANIA. 

PRIMARY   TRAVERSE. 


DAUPHIN,  LEBANON,  AND  YORK   COUNTIES. 
MIDDLETOWN  aXTADRAlfOLE. 

Tlie  following  geographic  positions  were  determined  by  C.  B.  Ken- 
dall, field  assistant,  in  October,  1905.  The  line  begins  at  Rutherford 
station  on  the  Philadelphia  and  Reading  Railway,  in  Dauphin 
County,  and  runs  easterly  along  highways  via  Hummelstown,  Hockers- 
ville,  and  Bachmanville  to  Colebrook,  in  the  southwest  comer  of 
Lebanon  County,  thence  southerly  via  Milton  Grove  and  Florin  to 
Columbia,  thence  southwesterly  via  Wrightsville  and  Hellam  to  York. 

Geographic  positions  along  highways. 


Station. 


latitude. 


Lon^tDdc 


Rutherford  station,  0.75  mile  east  of,  center  of  north  track  under  over- 
head road  crossing 

Rutherford  station,  2.5  miles  east  of,  800  feet  west  of  brick  store,  three 
corners,  35  feet  west  to  telephone  pole,  50  feet  southeast  to  comer  of 
yard  fence 

Hummelstown,  1.25  miles  west  of,  T  road  to  north,  40  feet  northwest  to 
corner  of  board  fence,  40  feet  southeast  to  telephone  pole 

Hummelstown.  center  of  car  track  at  center  of  intersection  of  Main  and 
Hanover  streets,  70  feet  southeast  to  northwest  corner  of  brick 
house,  70  feet  northeast  to  southwest  corner  of  stone  house 

Hummelstown,  1  mile  east  of,  T  road  to  south,  15  feet  south  to  car 
track,  30  feet  southeast  to  corner  of  fence 

Hockersville,  four  corners,  30  feet  southwest  to  northeast  corner  of 
stone  blacksmith  shop,  60  feet  northwest  to  center  of  trolley  track 

Hockersville,  four  corners,  0.75  mile  southeast  of,  150  feet  northwest  of 
Fishbarn  Chureh,  30  feet  northeast  to  corner  of  cemetery  fence,  40 
feet  southeast  to  locust  tree 

Vian,  in  east  face  of  southeast  corner  of  stone  blacksmith  shop,  at 
forks  ol  road,  aluminum  tablet  stamped  "Prim.  Trav.  Sta.  No.  1, 
1905'" 


Vian,  0.25  mile  southeast  of,  three  corners  at  rock  schoolhouse ' 

Bachmanville,  four  corners,  1.25  miles  southwest  of,  30  feet  southeast 

to  corner  of  fence.  30  feet  northwest  to  corner  ot  fence  and  signboard...' 
Bachmanville,  four  corners,  30  feet  north  to  corner  of  fence  and  sign-  ■ 

board,  40  feet  east  to  corner  of  iron  fence ' 

Bachmanville,  0.6  mile  southeast  of.  crossing  of  Dauphin-Lebanon  | 

county  line 


40  15  47.3 

40  15  46.0 

40  15  42.1  , 

40  15  55.3 

40  16  0L6 

40  16  2a  1 

40  15  55.4 

40  15  2a  7 

40  15  08.4 

40  14  22.8 

40  14  34.8 

40  14  15.7 


76  46    41.7 

76  44    5&9 

76  43    4Si6 

76  42    2&9 

76  41    09.8 

76  39    212 

76  38    4a7 

76  37    »4 

76  37    4i9 

76  36    41.3 

76  35    HO 

76  36   08.5 
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Qeoqrafikic  positions  along  highvxiys — Continued. 


Station. 


Latitude. 


Longitude. 


Lawn,  1  mile  north  of,  four  corners  at  yellow  schoolhouse,  30  feet 
northeast  to  corner  offence,  60  feet  southeasi;  to  northwest  comer 
of  schoolhouse 

Ck)Iebrook  station,  1.5  miles  northwest  of,  forks  of  road,  40  feet  north- 
west to  slgnjMJSt,  20  feet  south  to  r«ll  fence 

Colebrook  station,  0.5  mile  northwest  of.  forks  of  road  at  schoolhouse, 
40  feet  south  to  signpost,  SO  f^ct  southeast  to  stone  gatepost 

Colebrook  station,  750  feet  north  of, opposite  "The Mansion,"  in  west 
wall  at  northwest  corner  of  stone  tenant  house  of  Monroe  Shupp, 
aluminum  tablet  stamped  **  Prim.  Trav.  Sta.  No.  2, 19a5  " 

Colebrook  station,  1.25  miles  southeast  of,  T  road  west,  25  feet  south- 
west to  signpost 

Colebrook  station,  1.5  miles  southeast  of,  stone  post  on  Lebanon-Lan- 
caster county  line 

County-line  post,  1.12  miles  southwest  of,  forks  of  road,  200  feet  south  of 
brick  schoolhouse,  10  feet  west  to  rail  fence,  25  feet  east  to  rail  fence. 

Brandt  (Aaron)  residence,  forks  of  road  200  feet  west  of,  25  feet  west  to 
forked  cherry  tree,  20  feet  south  to  rail  fence 

Milton  Grove  Cemetery,  1  mile  north  of,  four  corners,  30  feet  northeast 
to  comer  of  yard  fence  and  signboard,  40  feet  southeast  to  red  gate. . 

Milton  Grove  Cemetery,  forks  of  road,  50  feet  northwest  to  cemetery 
gate,  5  feet  east  to  rail  fence 

Milton  Grove,  four  comers,  30  feet  southwest  to  corner  of  stone  wall, 
40  feet  west  to  comer  of  stone  wall 

Milton  Grove,  1  mile  southeast  of,  four  comers,  35  feet  southeast  to 
locust  tree  and  signboard,  30  feet  northwest  to  sassafras  tree 

Milton  Grove,  2  miles  south  of,  200  feet  west  of  schoolhouse,  T  road 
south.  20  feet  south  to  signpost,  50  feet  east  to  guy-wire  pole 

Florin,  0.75  mile  northwest  of,  T  road  east,  25  feet  southeast  to  corner 
of  wire  fence,  30  feet  northeast  to  two  locust  trees 

Florin,  intersection  of  streets  at  Florin  Hotel,  20  feet  northwest  to 
southeast  corner  of  watering  trough,  40  feet  northeast  to  locust  tree. 

Florin  Hotel,  in  south  wall  at  southeast  corner  of  brick  foundation  to 
porch,  aluminum  tablet  stamped  "Prim.  Trav.  Sta.  No.  3,  1905" 

Florin,  1.75  miles  southeast  of,  four  comers  at  schoolhouse,  25  feet  east 
to  U'lephone  pole,  30  feet  northwest  to  rail  fence 

Florin,  2.75  miles  southeast  of,  roads  west  and  north,  30  feet  east  to 
signpost,  20  feet  north  to  stone  wall 

lUg  Cbiquesalunga  Creek,  center  of  covered  bridge  over,  Rapho-Kast 
Herapueld  township  line 

Kinderhook,  four  comers,  35  feet  west  to  corner  of  shop,  40  feet  south- 
east to  comer  of  store 

Columbia,  intersection  of  Seventh  and  Chestnut  streets 

Columbia,  Northem  Central  Itwy.  bridge  over  Susquehanna  River,  in 
capstone  at  southeast  comer  of  east-shore  abutment,  aluminum 
tablet  stamped  "  Prim.  Trav.  Sta.  No.  4,  1905" •  ' 

Wrightsville,  three  comers  at  small  triangular  grass  plot,  street  to  | 
north,  40  feet  north  to  two  old  cannons,  10  feet  soutn  to  center  of 
trolley  track 

Wrightsville,  0.75  mile  southwest  of,  T  road  north  at  old  blacksmith  I 
shop,  35  feet  northwest  to  signboard,  15  feet  south  to  trolley  track.. 

Wrightsville,  1.75  miles  southwest  of,  T  road  north,  10  feet  south  to  ' 
trolley  track,  30  feet  northwest  to  corner  of  fence 

Hellam,  Evangelical  Lutheran  Church,  1.5  miles  northeast;  of,  four  cor-  ■ 
ners,  15  feet  south  to  trolley  track,  25  feet  northeast  to  street  car 
waiting  room ' 

Hellam,  Evangelical  Lutheran  (  hurch,  0.6  mile  northeast  of,  four  cor- 
ners, 25  feet  northeast  to  comer  of  yard  fence  and  signboard,  15  feet 
south  to  trolley  track 

Hellam,  Evangelical  Lutheran  Church,  In  north  wall  of  stone  founda- 
tion and  east  of  entrance  to,  aluminum  tablet  stamped  "Prim.  Trav. 
SU.  5.  1905" 

Stony  Brook  station,  0.8  mile  northeast  of,  T  road  north,  25  feet  north- 
west to  comer  of  trolley  station,  10  feet  south  to  trolley  track 

Stony  Brook  station,  center  of  Pennsylvania  R.  R.  and  Pike  road 
crossing ^ 


40 

14 

37.4 

76 

33 

5a4 

40 

14 

4a3 

76 

32 

15.6 

40 

14 

46.6 

76 

31 

06.6 

40 

14 

25.3 

76 

30 

45.6 

40 

13 

19.7 

76 

30 

18.8 

40 

13 

00.2 

76 

30 

19.6 

40 

12 

08.4 

76 

30 

56.8 

40 

U 

10.1 

76 

31 

08.3 

40 

10 

51.4 

76 

32 

02.4 

40 

10 

04.6 

76 

32 

11.8 

40 

09 

45.3 

76 

31 

.56.7 

40 

09 

05.0 

76 

31 

42.0 

40 

OS 

18.9 

76 

31 

53.4 

40 

07 

25.1 

76 

31 

34.3 

40 

06 

54.8 

76 

31 

27.6 

40 

06 

M.O 

76 

31 

28.2 

40 

05 

29.7 

76 

31 

13.0 

40 

(M 

46.4 

76 

:«) 

44.9 

40 

<M 

m.\ 

76 

:{0 

(10.6 

40 
40 

02 

11.0 
16.7 

76 
76 

29 
29 

.16.6 

10 

01 

.'V1.5 

76 

30 

;«.6 

40 

01 

29.9 

76 

32 

0.3. 2 

40 

01 

17.8 

76 

32 

.'>7.4 

40 

01 

(M.2 

76 

33 

50.0 

40 

00 

45.6 

76 

34 

58.1 

40 

00 

29.8 

76 

35 

48.4 

40 

00 

14.8 

76 

36 

26.8 

39 

50 

41.6 

76 

27 

59.2 

39 

59 

13.2 

76 

38 

40.3 
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Oeographie  pontions  along  Permtylvania  BaUroadf  Stony  Brook  to  York. 


station. 


Heistand  station,  center  of  Pennsylvania  R.  R.  track  and  under  over- 
head road  crossing 

Heistand  station,  0^  mile  soutliwest  of,  center  of  track  at  road  cross- 
ing  , 

Yon,  east  edge  of,  center  of  track  at  road  crossing 

York,  Duke-street  crossing,  between  north  and  south  main  tracks,  60 
feet  southeast  to  northwest  comer  of  freight  station,  65  feet  south- 
west to  northeast  comer  of  passenger  station 

York,  south  meridian  mark,  in  Pennsylvania  Park.  Station  mark:  A 
sandstone  post  40  by  6  bv  6  inches,  having  a  bronze  tablet  cemented 
in  its  top.  set  36  inches  In  ground,  430  feet  east  of  center  of  Water 
street  anq  67  feet  north  of  center  of  Fulton  street 


Latitude. 


Longitmift 


30 

«8 

50.8 

76 

30 

53.5 

30 
30 

58 
56 

48.2 
32.1 

76 
76 

40 
42 

57.4 

25.6 

-39 

58 

02.7 

76 

43 

4LI 

30 

57 

20.1 

76 

43 

3(.S 

BERKS   AND   LANCASTER   COUNTIES. 
VIW  HOLLAVS  aVASSAVOLX. 

The  following  geographic  positions  were  determined  in  1905  by 
primary  traverse  run  by  C.  B.  Kendall,  field  assistant.  The  line 
starts  at  Pequea,  in  Salisbury  Township,  Lancaster  Coimty,  and  runs 
westerly  via  highways  nearly  to  Lancaster,  thence  northerly  to  Dur- 
lach,  in  Clay  Township,  thence  easterly  via  Adamstown  to  Allegheny- 
ville  in  Berks  County. 

Geographic  pontions  along  highways. 


Station. 


Pequea,  Unity  Evangelical  Church,  road  comers 

Millwood  schooihouse,  road  comers,  40  feet  northwest  to  oalc  in  school 
yard,  12  feet  southeast  to  telephone  pole 

Buyerstown,  four  comers,  80  feet  southeast  to  comer  stone  to  black- 
smith shop,  25  feet  northwest  to  sienpost "  Gap  2M  mi." 

Vintage  post-office,  four  comers,  50  Teet  north  to  comer  of  porch,  50 
feet  southwest  to  comer  of  dwelling,  120  feet  south  to  Pennsylvania 
R.  R 

Tollgate,  150  feet  east  of.  four  comers,  25  feet  northeast  to  comer  of 
yard  fence,  40  feet  southwest  to  comer  of  school-yard  fence 

Paradise,  road  corners  at  Odd  Fellows'  Hall,  70  ieet  southeast  to  comer 
of  hall,  30  feet  southwest  to  comer  ol  front  yard 

Paradise  post-office,  400  feet  west  of,  at  southeast  comer  of  A.  R.  Her- 
sey's  store,  in  south  face  of  stonewall,  aluminum  tablet  stamped 
"Prim.  Trav.  Sta.  No.8, 1905" 

Sandersburg,  four  comers,  40  feet  northeast  to  comer  of  yard  fence,  25 
feet  south  to  maple  at  brick  store 

Sandersburg,  1  mile  west  of,  four  comers,  20  feet  north  to  telephone 
pole,  10  feet  south  to  trolley  line 

Pleasant  View  schooihouse,  1  mile  east  of,  four  comers,  20  feet  north- 
east to  si^post,  45  feet  west  to  locust  tree 

Pleasant  View  schooihouse,  75  feet  west  of,  on  north  side  of  east-west 
road,  in  face  of  large  limestone  bowlder,  aluminum  tablet  stamped 
"  Prim.  Trav.  Sta.  No.  9,  1905  " 

Mill  Creek.  0.5  mile  southeast  of,  four  comers,  20  feet  southwest  to  cor^ 
nerof  rail-and-wire  fence,  40  feet  northwest  to  comer  of  rail-and-wire 
fence , 

Fertility,  0.5  mile  northwest  of.  three  comers,  35  feet  south  to  telephone 
pole,  50  feet  northeast  to  white  gate 

Lancaster  and  Bird-in-Hand  pike,  road  comers.  35  feet  southeast  to 
comer  of  fence,  35  feet  southwest  to  comer  of  fence 

Four  comers,  35  feet  northeast  to  comer  of  fence  and  1  milepost,  12  ftot 
northwest  to  comer  of  rail  fence 

Four  corners,  25  feet  north  to  comer  of  fence  and  sign,  35  feet  northeast 
to  comer  of  wire  fence 

Mechanicsburg,  2  miles  southwest  of,  three  comers,  125  feet  north  to 
comer  of  fence  and  sign,  15  feet  east  to  comer  of  wire  and  rail  fence.. 

New  Holland  pike,  four  comers,  center  of  trolley  track  and  north- 
south  road 


Latitude. 


Longitude. 


40    02    01.0  76  00  317 

! 

40    01    04.9  76  01  05.1 

40    00    4L4  7«  03  48.4 


40  00  02.5 
40  00  17.3 
40    00    32.1 


40  00  46.6 

40  01  n.6 

40  01  58.9 

40  02  24.2 

40  02  58.1 

40  03  23.3 

40  01  034 

40  04  M.0 


76  04  4&f 
76  06  tft.9 
76  07  3t« 


40  00  35.2  ;  76  07  45.0 

40  00  53.6  1  76  00  l&S 

40  01  07.1  76  W  r.6 

40  01  06.4  I  76  12  06.2 


76  13  21.1 

76  14  18.9 

76  14  44.8 

76  14  12.3 

76  13  39l« 

76  12  55.3 

76  13  315 

76  14  01.1 
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Station. 


Latitude. 

Longitude. 

o 

, 

,, 

o 

, 

// 

40 

05 

49.4 

76 

14 

18.5 

40 
40 

06 
07 

55.8 
51.6 

76 
76 

14 
13 

34.9 
03.1 

40 

07 

52.3 

76 

13 

03.0 

40 

06 

46.0 

76 

13 

51.6 

40 

00 

10.3 

76 

14 

19.0 

40 

00 

46.8 

76 

14 

10.9 

40 

10 

34.4 

76 

13 

30.8 

40 
40 

11 
11 

18.6 
58.4 

76 
76 

13 
13 

34.2 
10.0 

40 

13 

18.0 

76 

13 

22.0 

40 

13 

53.2 

76 

13 

49.0 

40 

14 

20.2 

76 

13 

43.2 

40 

14 

20.4 

76 

13 

43.8 

40 

14 

27.0 

76 

12 

53.2 

40 

14 

30.6 

76 

11 

38.3 

40 

14 

20.0 

76 

10 

33.5 
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Buflhon's  mill,  0.5  mile  south  of,  four  corners,  25  feet  southeast  to 
maple,  16  feet  southwest  to  signpost 

Oregon,  forks  of  road  at  east  end  of,  12  feet  north  to  telephone  pole,  40 
feet  southwest  to  front-yard  fence 

West  Earl,  four  comers,  20  feet  northwest  to  signpost 

West  Eari  Inn,  southwest  comer  of,  west  fence,  bronze  tablet  stamped 
•'Prlm.Trav.su.  No.  10, 1905,  Elev.  300  feet" 

West  Earl.  1.25  miles  northwest  of,  road  comers  at  yellow  house,  30 
feet  southwest  to  comer  of  fence  and  mllepost,  15  feet  northwest  to 
comer  of  yard  fence 

Rothville,  0.25  mile  northeast  of,  forks  of  road,  15  feet  northwest  to 
signpost,  15  feet  south  to  comer  of  small  white  crib 

MilUway  station,  700  feet  north  of,  in  stone  doorsill  of  front  of  Bruba- 
ker's  mill, bronze  tablet  stamped  "Prim.  Trav.  Sta.  No.  11,  1905, 
Eleven  316  ft." 

Millway  station,  1.25  miles  northeast  of.  four  comers,  10  feet  east  to 
comer  of  rail  fence,  90  feet  west  to  signboard,  35  feet  south  to  stump. 

Diuiach,  3  miles  south  of,  four  comers,  15  feet  northeast  to  comer  of 
front-yard  fence,  15  feet  west  to  comer  of  front-yard  fence 

Durlaoh,  2.25  miles  south  of,  forks  of  road 

Durlach,  0.75  mile  south  of,  three  comers,  20  feet  west  to  signpost,  45 
feet  north  to  front-yard  gate 

Durlach,  four  comers.  45  feet  west  to  large  wiUow,  70  feet  northeast  to 
southwest  comer  of  brick  store 

Durlach,  0.5  mile  north  of,  road  comers  at,  Mount  Airy  Hotel,  50  feet  to 
benchmark 

Durlach,  0.5  mile  north  of,  in  south  wall  at  southeast  comer  of  Mount 
Ai^  Hotel  jduminum  tablet  stamped  "  Prim.  Trav.  Sta.  No.  12, 1906" 

Mount  Airy  Hotel,  0.76  mile  east  of,  15  feet  northeast  to  comer  fence 
painted '*U.  8.536" 

Scnoeneck,  1  mile  west  of,  four  comers,  26  feet  northeast  to  signpost, 
30  feet  southwest  to  post  painted  "460" 

Schoeneck,  five  comers,  40  feet  southeast  to  northwest  comer  of  hotel, 
20  feet  northwest  to  comer  of  fence 

Schoeneck,  0.75  mile  southeast  of,  three  comers,  25  feet  northwest  to 
^gnpost,  12  feet  east  to  tree  on  f^nce  line 

Denver,  1  mile  north  of,  0.25  mile  west  of  Philadelphia  and  Reading 
R  wy.,  four  comers,  20  feet  northeast  to  post  painted  "U.S.  461,"  16/ 
feet  to  bench  mark 

Denver,  1  mile  north  of,  in  east  wall  at  southeast  comer  of  small  stone 
resldenoe  of  Mrs.  Rachael  Walter,  aluminum  tablet  stamped  ' '  Prim. 
Trav.Sta.  No.  13, 1906" 

Adamstown,  2.  6  miles  west  of,  four  comers,  25  feet  north  to  signpost, 
•40  feet  northeast  to  comer  of  fence 

Adamstown,  1.25  miles  west  of,  three  comers,  30  feet  northwest  to  sign- 
board  

Adamstown,  1.25  miles  east  of,  center  of  Conestoga  Traction  Co.'s  track, 
at  forks  of  road,  20  feet  north  to  telephone  pole  painted  "  U.  S.  480". . 

Lancaster-Berks  county  line  stone  monument  at  crossing  of  Reading- 
Lancaster  pike 

AlleghenvvUfe,  1.76  miles  northwest  of,  three  comers,  100  feet  north- 
west of  schoolhouse,  10  feet  northeast  to  comer  of  rail  fence,  35  feet 
southeast  to  comer  of  rail  fence 

Allfifi^en3rvUle,  1  mile  northwest  of,  four  comers,  at  Bight  Mile  House, 
00  leet  southeast  to  windmill,  60  feet  northeast  to  front  entrance  of 
hotel 

AUefifhenyviUe,  northwest  comer  of  stone  church 
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PRIMARY    TRIANGULATION    AND    PRIMARY    TRAVERSE. 


TENNESSEE. 
PRIMARY  TRAVERSE. 
CANNON    AND   RUTHERFORD   COUNTIES. 
WOODBUBT  aUADRAKOLE. 

The  following  geographic  positions  on  the  United  States  standard 
datum  were  determined  by  a  line  of  primary  traverse  run  by  C.  B. 
Kendall,  field  assistant,  in  June,  1906.  Starting  at  Liberty  triangu- 
lation  station  of  the  Coast  and  Geodetic  Survey,  the  line  follows  the 
borders  of  the  quadrangle  and  is  tied  to  Short  Moimtain  triangulation 
station  of  the  sq,me  Survey. 

Magnetic  declination,  north  border,  2°  29'  east;  east  border,  2^  2' 
east;  south  border,  2°  52'  east;  west  border,  2°  35'  east. 

Geographic  positions  along  highways. 


SUtlOD. 


L&tltude. 


Liberty  triangulation  station,  polo  erected  by  citizens  of  town  of  Lib- 
erty to  be  observed  for  position  of  their  town.  It  is  N.  TO**  W.,  true 
l)eai1ng,  and  275  poles  from  center  of  town  and  200  feet  above  it 

Liberty,  1.25  miles  south  of,  three  comers  at  schoolhouse,  40  feet  north- 
east to  sycamore  on  bank  of  creek,  25  feet  southeast  to  telephone  pole. ; 

Tbjee  comers,  1,000  feet  south  of  store,  T  road  southeast  up  hollow,  at  I 
sycamore  tree 

Hancock's  store,  three  corners,  T  road  to  west  up  Sycamore  Creek,  at  ' 
forks  of  road,  roads  north  and  east j 

Oassaway,  center  of  Clear  Fork  Creek  at  forks  of  road I 

Clear  Fork  and  Wyandotte  creeks,  junction  of,  at  forks  of  road  up  each . 

Four  comers,  second-class  northeast  and  southwest  crossroads,  south-  , 
west  road  follows  up  Clear  Fork,  50  feet  south  to  large  rock  at  point  ' 
of  ridge 

Second-class  road  to  west,  10  feet  east  to  oak  tree 

Second-class  road,  20  feet  east  to  oak,  20  feet  north  to  old  oak  stump. 

Short  Mountain  triangulation  station,  on  highest  group  of  Short 
Mountains,  2  miles  northwest  of  Short  Mountain  post-ofTlce,  which 
is  kept  at  Comer's  store;  road  passes  Blair's  and  John  Uerringer's; 
signal  is  on  land  of  Mr.  Dougald.  Station  mark:  A  bottle  filled  with 
ashes,  the  center  of  the  neck  accurately  under  station;  above  bottle 
Is  a  stone  8  Inches  square  and  3  feet  long,  rising  3  Inches  above  surface, 
with  intersecting  grooves  north  and  south  and  east  and  west  mark- 
ing point 

Forks  of  road  west  and  northwest,  40  feet  north  to  large  oak  stump,  40  i 
feet  south  to  large  sycamore  stump 

Comer's  store,  forks  of  road  600  feet  south  of,  roads  southeast  and  ' 
south,  90  feet  east  to  beech  tree 

Wood's  store,  three  corners,  T  road  west,  35  feet  east  to  store  door,  40  I 
feet  southwest  to  large  oak I 

Forks  to  east,  40  feet  west  to  door  of  log  church j 

Four  comers,  10  feet  southeast  to  oak  tree  and  signboard  * '  Manchester 
26  miles,"  40  feet  northeast  to  two  mall  boxes | 

Four  corners.  15  feet  east  to  oak,  30  feet  southwest  to  two  oaks 

Forks  of  road  northeast,  30  feet  southwest  to  oak,  40  feet  south  to  oak. 

Second-class  road  forks  to  northeast,  oak  tree 

Bums's  store,  three  corners  0.25  mile  west  of,  20  feet  southwest  to  laige 
oak 


Davenport's  store,  1,500  feet  northwest  of,  7  miles  southeast  to  Wood- 
bury, In  cast  wall  northeast  comer  of  R.  L.  Spldell's  bricJc  spring 
house,  on  south  edge  of  old  stage  road  from  Woodbury  to  MinnvUle, 
aluminum  tablet  stamped  "Prim.  Trav.  Sta.  No.  5, 1906" , 

Forks  of  road  at  sawmill 

Iconlum  Church,  three  corners  J  mile  east  of,  T  road  north  near  comer 


of  clearing.  40  feet  southwest  to  oak,  90  fet^t  north  to  oak. 
Public  roads,  oal 


,  oak  tnH»  in  southwest  comer 

Three  comers,  road  to  west  at  l)end  of  main  road  to  south,  15  feet  south- 
east to  comer  of  fence,  20  feet  north  to  fence 

Four  comers,  intersection  of  Woodburj'-Manchcster  and  Short  Moun- 
tain-lVttys  Gap  roads,  40  feet  northeast  to  oak.  90  feet  southwest  to 
oak,  300  feet  northeast  to  Quickstep  schoolhouse 


Longitodf, 
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Station. 


Four  oornen,  O.Smile  east  of  Old  Pettys  post-office,  80  feet  northeast  to 
oak  tree,  40  feet  north  to  oak 


Seoond-olass  road  at  small  graveyard,  40  feet  north  to  ga^,  20  feet 
south  to  gate 

Bent,  three  comers,  1.75  miles  southeast  of,  T  road  south  to  Jamison's 
brandy  distillery,  20  feet  northwest  to  oak  tree,  100  feet  south  to 
bridge , 

Forks  of  road,  100  feet  northwest  of  bam  and  300  feet  southeast  of 
Horse  Spring  Fork,  roads  northwest  down  and  southeast  up,  40  feet 
southeast  to  bamyard  gate,  60  feet  northeast  to  locust  tree 

Burt  Carsons  Fork,  center  of,  at  ford  0.25  mile  southwest  of 

West  side  of  Woodbury-UoUow  Springs  road.  80  f^t  west  of  center  of 
Carsons  Fork,  at  junction  with  public  roaa  leading  southwest  over 
ridge  to  BradyrlUe  and  250  feet  north  of  new  store  on  Bradyvllle  road, 
in  limestone  rook,  aluminum  tablet  stamped  * '  Prim.  Trav.  Sta.  No. 

«,iw6" .\7: 

Second-class  T  road  to  northeast  down  hollow  5  feet  southwest  to 
stone  fence,  30  feet  north  to  bench  of  sycamore  sprouts 


Readyville,  junction  of  Murfreesboro-Hoilow  Springs  pike  and  T  road 
to  east,  40  feet  southeast  to  comer  of  store  porch,  35  feet  northeast  to 
store  porch 

Three  comers,  1.12  miles  west  of  Readyviile,  second-class  T  road  to 
north,  25  feet  northwest  to  gate,  10  feet  south  to  rail  fence 

Marfreesboro-Holiow  Springs  pike,  50  feet  north  of  center  of,  in  new 
corner  of  junction  of  pike  with  road  north  down  Cripple  Creek  to 
Bradyvllle,  2,000  feet  west  of  church,  in  limestone  bowlder,  aluml- 
nom  tablet  stamped  "Prim.  Trav.  Sta.  No.  7, 1906" 

Forks  of  road  uphill  to  northeast,  60  feet  north  to  locust  tree 

Three  comers,  public  T  road  to  north,  10  feet  south  to  B.  M.  Beeton's 
mail  box,  30  feet  northeast  to  peach  tree 

Three  corners,  0.75  mile  south  of  pike,  second-class  T  road  northwest, 
40  feet  south  to  large  oak,  30  feet  northwest  to  cedar 

Readyviile  post-office,  forks  of  road  \  mile  north  of 

Readyviile,  forks  1  mile  north  of,  road  north  and  northwest,  15  feet 
north  to  stone  walk,  40  feet  east  to  wire  fence 

Readyviile,  four  comers  2  miles  north  of,  crossroads,  10  feet  southwest 
to  three  cedars,  50  feet  east  to  cedar 

Auburn  pike,  60  feet  northeast  to  large  oak,  30  feet  southwest  to  rail 
fence 


Murfreesboro-Aubum  pike,  in  north  edsre  of,  at  three  comers,  500  feet 

east  of  Antioch  Church.  T  road  south  to  ReadyvUie  and  3.3  miles 

north  of,  aluminum  tablet  stamped  "Prim.  Trav.  Sta.  No.  1, 1906". 
Four  comers,  seoond-class  crossroads,  10  feet  southwest  to  comer  of 

fence,  40  feet  northeast  to  hickory  tree 

Forks  of  road,  public  roads  south  and  southwest,  600  feet  southwest  of 

church,  30  ftot  west  to  cedar 

Ifllton,  crossroads,  1.6  miles  south  of,  center  of  rock  ledge,  40  feet  east 

to  eUn,  50  feet  west  to  mail  box 

Milton,  Presbvterlan  Church,  junction  of  Mllton-Murfreesboro  pike 

and  ReadyvUie  road,  25  feet  southwest  to  comer  of  wire  fence,  3o  feet 

southeast  to  comer  of  churchyard  fence 

Three  comers,  T  road  west,  20  feet  southwest  to  small  bridge,  30  feet 

east  to  gate,  10  ftot  northwest  to  J.  H.  Paty's  mail  box 

Three  comers,  T  road  northwest,  10  f^et  north  to  comer  of  rock  fence, 

12  fteet  west  to  mall  box  No.  74 

EwingsviUe  sdioolhouse,  3.1  miles  north  of  Milton,  on  Mliton-States- 

ville  road,  limestone  rock,  being  northwest  comer  of  Woodbury 
^e,  aluminum  tablet  stamped  "Prim.  Trav.  Sta.  No.  2, 


Forks  orroads  northwest  to  northeast,  up  small  stream,  50  feet  north 
to  poplar  tree,  50  feet  east  to  center  of  stream 

Forks  of  roads,  east  down  Kennedy  Creek  and  uphill  to  Aubum,  10 
feet  south  to  rock  fence. 


Three  comers.  T  road  to  south,  25  ftot  southwest  to  comer  of  rail 
fanoe,  26  feet  souttieast  to  H.  w.  Preston's  mail  box. 


Junction  Kennedy  Creek  road  and  Murfreesboro  pike  and  Herican  road, 
1^  miles  east  of  Aubum  and  about  300  feet  north  of  Wilson-Cannon 
county  line,  30  feet  south  of  center  of  pike,  in  limestone  ledge,  alum- 
inum tablet  stamped  "Prim.  Trav.  Sta.  No.  3, 1906" 

Forks  at  west  end  of  old  bridge  site,  road  northeast,  limestone  bowl- 
der, 40  feet  southwest  to  gate  at  store  fence,  80  feet  north  to  comer 
of  bam,  125  feet  east  to  center  Sanders  Fork 

Prosperity,  steeple  of  church 

Three  comers  at  east  end  of  old  bridge  site  across  Sanders  Fork,  T 
road  to  north,  35  feet  southwest  to  tree,  25  feet  north  to  stone  fence. 

T  road  southeast,  40  ftet  southeast  to  gate 

Liberty,  forks  of  pike  2  miles  northwest  of,  50  feet  northwest  to  comer 
of  store,  40  feet  south  to  comer  of  blacksmith  shop 

Liberty,  west  edge  of,  80  feet  north  of  northwest  comer  of  Salem  Bap- 
tist Church,  in  limestone  ledge,  aluminum  tablet  stamped  "Prim. 
Trav.  Sta.  No.  4, 1906" T. 


Latitude. 


35    44    4&3 
35    45    17.9 

35    45    21.0 


35    45    39.0 
35    45    58.1 


;<5  44  4&0 
35    44    25i3 

35  44  22.6 
35    44    46.5 
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35    45    54.6 
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35    50    04.7 
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Longitude. 
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VIRGINIA. 

TRIANGULATION  STATIONS. 

FLOYD   AND   PATRICK   COUNTIES. 

FLOYD  AHS  STITA&T  QUADRAirOLES. 

In  the  fall  of  1905  W.  H.  Lovell,  topographer,  extended  triangula- 
tion  control  over  the  Floyd  quadrangle  and  the  northern  portion  of 
the  Stuart  quadrangle.  Seven  new  stations,  based  on  Buffalo  and 
Bull  of  the  Coast  and  Geodetic  Survey,  were  occupied. 


BUFFALO,    FLOYD   COUNTY. 


On  a  high  narrow  ridge  cleared  on  "kll  sides,  about  15  miles  by 
road  southwest  of  Floyd.  Best  reached  from  J.  A.  Alderman's  house 
by  good  path.     A  station  of  the  Coast  Survey. 

Station  mark:  A  bronze  tablet  in  solid  ledge. 


(Latitude  36°  AT  46.16",  longitude  80*»  28'  39.06".] 


To  station— 


Stoeker. . 
Haycock. 

Bull 

Hylton. . . 
Turner. . . 


Azimuth. 


Back  azimuth. 


^Log. 
distance. 


o 
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„ 

o 

, 

„ 

Meters. 

231 

42 

41 

61 

48 

39  1 

4274Sr 

248 

20 

16 

68 

27 

^  1 

4.30184 

296 

49 

47 

116 

68 

51  1 

4.40296 

306 

38 

00 

125 

43 

07 

4.1S645 

321 

10 

54 

141 

14 

67 

4.20722 

HAYCOCK,    FLOYD   COUNTY. 

On  a  high  partly  cleared  hill  about  5  miles  southeast  of  Floyd  and 
0.75  mile  from  Haycock  post-oflBce,  on  what  is  known  as  the  Lee 
farm.     Wagon  can  be  driven  to  signal. 

Station  mark:  A  bronze  tablet  set  in  sandstone  rock. 

(Latitude  36°  51'  46.4",  longitude  80°  16'  07.2".] 


To  station— 


Hylton. 
Buffalo, 
stoeker 
BuU.... 


Azimuth. 


Back  azimuth.  I     ^j^ 
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40 
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30 

424422 

68 

27 

47 
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130184 
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09 

26 
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06 

23 

3.75M) 

348 

16 

41  1 

168 

18 

15 

4.38MD 

STOCKER,    FLOYD   COUNTY. 


On  Stockers  Knob,  about  0.75  mile  south  of  Floyd  court-house, 
near  Floyd-Stuart  pike.  Hill  cleared  except  to  west.  Can  drive  to 
station. 
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Station  mark:  A  drill  hole  in  quartz  rock. 

[Utltude  3e»  64*  04.2".  longltade  80°  18*  42.1".] 
To  station— 


Hylton... 
Buffalo... 
Haycock. 
Boll 


Atimuth. 


Backadmuth.  I     ^j^'^^ 


e 

, 

// 

e 

, 

„ 

6 

40 

60 

186 

40 

00 

61 

48 

30 

231 

42 

41 

318 

06 

23 

138 

09 

26 

341 

27 

12 

161 

30 

19 

Meters. 
4.32029 
4.27487 
a  76940 
4.38671 


BULL,   PATRICK   COUNTY. 


On  the  highest  peak  of  a  group  of  high  wooded  hills  a  few  miles 
north  of  Stuart.  Best  reached  by  following  the  Stuart-Patrick 
Springs  highway  to  a  point  4  miles  from  Stuart  and  1  mile  east  of 
Mr.  Orr's  house.     A  path  leads  up  south  spur  to  summit. 

Station  mark:  A  bronze  tablet  in  rock  set  in  ground. 


(Latitude  36*  41'  34.97",  longitude  80*  13'  29.93".] 


To  station— 


Nool.... 
Carter... 
Turner.. 
Hylton.. 
Buffalo.. 
Stocker. 
Haycock 


Azimuth.  Backarimuth.  |     ^IrtSie. 






o 

/ 

/^ 

24 

11 

46 

43 

44 

02 

84 

55 

08 

103 

12 

04 

116 

68 

51 

161 

30 

19 

168 

18 

15 

I 


204  10  22 

223  41  16 

264  50  06 

283  06  06 

49  47 

27  12 

16  41 


296 
341 
348 


Meters. 
a93032 
4.00004 
4.09753 
400330 
440298 
4  38671 
428360 


CARTER,  PATRICK   COUNTY. 

About  3  miles  southwest  of  Stuart,  on  the  summit  of  a  ridge  called 
Carters  Moimtain,  on  land  of  William  Hayden.  View  intercepted  by 
woods  to  west  and  northwest. 

Station  mark:  A  bronze  tablet  in  sandstone  rock. 


(Latitude  W  37'  40.4^ 

Longitude  80*  18'  18.2^.] 

To  station— 

Azimuth. 

Bac 

k  azimuth. 

Log. 
distance. 

Hylton 

o           /           // 

163    02    00 
223    41     16 

o             /         // 

343    00    50 
43    44    02 
62    02    00 
98    59    00 

Meters. 
3.99821 

Bull 

400004 

Stuart 

242    01    00 
278    58    00 

3.52906 

Noel 

3.53024 

HYLTON,  PATRICK   COUNTY. 


On  a  high,  bare  ridge  about  250  feet  east  of  the  highway  leading 
from  Stuart  to  Gruise  and  within  0.12  mile  of  Cruise  post-office,  on 
land  owned  by  A.  A.  Hylton,  who  lives  a  few  hundred  feet  south  of 
the  station. 
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Station  mark:  A  dead  tree  60  feet  high  with  a  triangle  of  six  naik 
driven  in  the  side  facing  Buffalo. 

[  Latitude  38«  42'  49.4'.    Longitude  80*  20'  05.4".] 


To  station- 

Azimuth. 

Back  azimuth. 

I>ag. 
distance. 

Turner 

37    51    23 
125    43    07 
185    40    00 
109    38    30 
283    08    08 
327    40    10 
343    00    50 

o           /         // 

217    49    50 
305    38    00 
5    40    50 
19    40    50 
103    12    04 
147    51    42 
163    02    00 

MtUTt. 

3.63S73 

RiiffAin , 

4.1964S 

Stocker 

4.32029 

Hayoock 

4.2442S 

BuU 

^00330 

Noel 

4.0f7315 

Carter 

3.99831 

NOEL,  PATRICK   COUNTY. 


Three  miles  south  of  Stuart,  in  an  open  field  100  feet  west  of  public 
road,  on  land  of  Mrs.  Noel. 

Station  mark:  A  bronze  tablet  in  rock  at  pile  of  stones. 


[  Latitude  36<>  37'  22.9*.    Longitude  a0«  15'  50.5'.] 

To  station- 

Azimuth. 

Back  azimuth. 

Log. 

Carter 

o          /       /r 

96    58    00 
147    51    42 
204    10    22 

278    58    00 
327    49    10 
24    11    46 

M€Ur$. 
3.53904 

Hylton       

4.07515 

Bull 

3.99082 

STUART  METHODIST   EPISCOPAL  CHURCH  SPIRE,  PATRICK  COUNTY. 

Station  mark:  Center  of  spire. 

[  Latitude  36<»  38'  31 .9*.    Longitude  80*»  16'  08.0*.] 


To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Carter  

O              t          ft 

62    02    00 
348    20    00 

O             /           // 

242    01    00 
168    29    00 

UeUn. 

3.58906 

Noel 

3.336V 

TURNER,  PATRICK  COUNTY. 


About  4  miles  southwest  of  Cruise  post-office,  on  land  of  Rufus 
Turner,  within  200  yards  of  road  and  house. 

Station  mark:  Dead  stump  of  tree  9  feet  high  having  triangle  of 
nails  driven  in  west  side. 


[  Latitude  36'»  40' 58.7*. 

Longitude  SO**  21'  52.1'.] 

To  stetion— 

Azimuth. 

Back  azimuth. 

Log. 
distaoce. 

Buffalo 

141     14    57 
217    49    50 
264    50    08 

o        t      n 

321     10    54 
37    51    23 
84    55    06 

Uaer*. 

Hylton 

3.63573 

Bull 
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ALLEGHANY,  BATH,    BEDFORD,    BOTETOURT,    CRAIO,    AND    ROGKBRIDOE 

COUNTIES. 

BVOHAVAH  AKS  FIHOASTLS  QUASRAiraLIS. 

In  the  spring  of  1906  Oscar  Jones,  topographer,  located  four  new 
stations  for  the  control  of  two  15-minute  quadrangles.  Positions  are 
based  on  Bald  Knob,  Flat  Top,  and  Potts,  United  States  standard 
datum. 

RICH   PATCH,  ALLEGHANY  AND    BOTETOURT  COUNTIES. 

(Not  occupied.) 

On  a  flat  timbered  summit  of  Rich  Patch  Moimtain,  4  miles  north 
of  Oriskany,  the  nearest  railroad  station.  May  be  reached  by  road 
from  Oriskany  to  old  Grace  Furnace,  thence  by  path  which  crosses 
moimtain  2  miles  southwest  of  station. 

Station  mark:  A  monument  of  stone  6  feet  m  diameter  at  the  base 
and  5  feet  high,  piled  around  the  base  of  an  oak  tree  12  inches  in 
diameter  in  which  is  placed  a  signal. 

[  Latitude  37«  40'  38.09*.    Longitude  79«»  58'  14.37^] 


To  ■tation— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Sugar  Loaf 

o          /            // 

274    53    54.9 

306    00    46.9 

4    23    30.2 

o           /              /^ 

05    04    01.6 
126    14    58.9 
184    23    06.1 

Meters. 
4.387810 

Flat  Top 

4.62V556 

CaldweU. 

4.230700 

POTTS,  ALLEGHANY  AND   CRAIO   COUNTIES. 

A  station  of  the  Geological  Siu^ey  firat  established  in  1885,  on  the 
Craig- Alleghany  county  line,  on  a  rounded  knob  on  Potts  Mountain 
east  of  the  Fincastle-Sweet  Springs  road,  12  miles  by  road  and  trail 
north  of  Newcastle.  The  old  stage  from  Newcastle  to  Sweet  Springs 
crosses  the  moimtain  0.25  mile  west  of  the  station. 

Station  mark:  The  birch  signal  tree,  around  which  is  a  mound  of 
stone. 

Reference  marks:  Two  holes  drilled  in  solid  rock:  No.  1,  station 
bears  N.  22®  E  magnetic,  distant  12.1  feet;  No.  2,  station  bears  S. 
42®  W.  magnetic,  distant  7.7  feet. 


[  Latitude  37<>  36'  02.9*.    Longitude  80«  08'  45.0'.l 

To  station- 

Azimuth. 

Back  aximutli. 

Log. 
distance. 

Bald  Knob 

O             f               ff 

215    30    03.8 
260    46    54  7 
288    12    03.4 
301    66    13.3 

o           /             /^ 

35    40    53.1 
81    03    25.0 
108    32    37.9 
122    01    017 

Meters. 
4. 647675 

Btlgar  T^Oftf 

4.605446 

Flattop 

4.719626 

Caklweu 

4.222150 
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BALD   KNOB,  BATH  COUNTY. 

Coast  Survey  station  on  Warm  Springs  Mountain,  about  3  mil^ 
(air  line)  south  of  Healing  Springs,  1 ,000  feet  north  of  highest  summit 
and  20  feet  lower.  Millboro  depot  and  Covington,  nearest  raiboad 
stations. 

Station  mark:  (C.  and  G.  S.;  could-not  be  foimd.) 
Reference  marks:  One  stone  post  bearing  S.  ^7°  E.  true,  distant  7 
feet;  one  hole  bearing  S.  87^  W.  true,  distant  7.28  feet;  one  hole  bear- 
ing N.  8°  W.  true,  distant  10.58  feet. 

[Latitude  a?**  55'  32.58".    Longitude  TQ**  51'  04.77'.) 


To  station— 


Sugar  Loaf 
Flat  Top... 
Potts 


Azimuth. 


Back  azimuth. 


335  03    49.0 

336  40    4&  5 
35    49    53.1 


155    09    34.2 
155    50    39.8  j 
215    39    08.8  , 


Log. 
distance. 


MAen. 

4.515084 
4.700973 
4.647675 


CALDWELL,  BOTETOURT  COUNTY. 

A  point  on  the  southwest  end  of  Caldwell  Mountain,  about  7  miles 
west  of  Fincastle.  Station  may  be  reached  from  Fincastle  by  follow- 
ing the  Newcastle  road  almost  to  the  top  of  the  mountain,  turning  to 
the  left  at  an  apple  orchard  on  the  summit.  There  is  a  road  up  the 
hollow  to  a  point  within  1  mile  of  the  station.     Good  view. 

Station  mark:  A  bronze  tablet  cemented  in  solid  rock. 

Reference  marks:  Arrow  cut  in  rock  bearing  N.  63i°  E.  magnetic, 
distant  6.75  feet;  arrow  cut  in  rock  bearing  N.  59i^  W.  magnetic,  dis- 
tant 2.68  feet. 

[Latitude  37«  31'  16.46*.    Longitude  79*»  59*  08.55'.) 


To  station- 


Potts 

Rich  Patch 
Sugar  Loaf. 
Flat  Top... 


Azimuth. 


122  01  04.7 

184  23  06.1 

239  18  309 

282  04  03.3 


Back  azimuth,  >     ^^^ 


301  55  ia3 

4  23  3a  2 

50  29  09.fi 

102  18  45.8 


Metrrt. 

4^222150 
4.239700 

4.4748« 
4.561080 


SUGAR   LOAP,   BOTETOURT  COUNTY. 

On  the  east  end  of  Sugar  Loaf  Mountain,  12  miles  north  of  Buch- 
anan. Buchanan-Daggers  Springs  road  up  Purgatory  Creek  crosses 
divide  0.75  mile  east  of  station.  The  top  is  cleared,  giving  a  good 
view  in  all  directions. 

Station  mark:  A  bronze  tablet  set  in  cement  18  inches  below  the 
surface,  over  which  is  built  a  mound  of  stone  6  feet  in  diameter  at  the 
base  and  5  feet  high. 
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Reference  marks:  A  1-inch  hole  drilled  in  solid  rock  bearing  N.  65° 
W.  magnetic,  distant  12  feet;  a  1-inch  hole  drilled  in  solid  rock  bear- 
ing N.  70""  E.  magnetic,  distant  14.60  feet. 

[Latitude  37*  39'  29.27*.    Longitude  79»  41'  41.59*.] 


To  station— 

Azimuth. 

Back  azimuth. 

o           /              // 

239    18    30.9 
260    46    54.7 
274   '53    54.9 
335    03    49.0 
74    28    18.3 
156    39    09.0 

Log. 
distance. 

Caidweli 

O             /                // 

59    29    09.6 
81    03    25.9 
95    04    01.6 
155    09    34.2 
254    24    25.2 
336    35    03.2 

Meiers, 
4.474840 

Potts 

4.605446 

Rich  Patch 

4.387810 

Bald  Knnh . 

4.515084 

Short  Hill 

3.987007 

Fiat  Top 

4.306856 

FLAT  TOP,  BOTETOURT   AND    BEDFORD   COUNTIES. 

A  station  of  the  Coast  Survey  10  miles  northwest  of  Liberty,  Bed- 
ford County.     Rough  wagon  road  within  one-fourth  mile  of  station. 

Station  mark:  A  bronze  tablet  cemented  in  stone  bowlder,  repla- 
cing Coast  Survey  bench  mark,  which  had  been  removed. 

[Latitude  37<»  27'  06.78'.    Longitude  79*  34'  68.40'.] 


To  tUtion— 

Azimuth. 

o       , 

102    18    45.8 
108    32    37.9 
126    14    58.9 

155  50    39.8 

156  39    09.0 
178    48    18.1 

Back  azimuth. 

Log. 
distance. 

Caldwell 

o       , 

282    04    03.  "> 
288    12    03.4 
306    00    46.9 

335  40    4&  5 

336  35    03.2 
358    48    04.9 

Meters. 
4.561680 

Potts 

4.719626 

Rich  Patch 

4.627556 

Bald  Knob 

4.760975 

Sugar  Loaf. 

4.306856 

Short  Hill 

4.406521 

SHORT   HILL,  ROCKBRIDGE   COUNTY. 

(Not  occupied.) 

On  mountain  known  as  Short  Hill,  about  5  miles  northwest  of  Nat- 
ural Bridge.  A  road  crosses  the  ridge  about  0.75  mile  north  of  the 
station.  There  are  two  knolls  near  each  other,  the  east  one  covered 
with  timber,  the  west  one  bare.  The  station  is  on  the  west  knoll.  A 
^ood  view  can  be  had  in  all  directions. 

Station  mark:  A  mound  of  stone  8  feet  in  diameter  at  the  base  and 
6  feet  high. 

[Latitude  37*  40'  53.72*.    Longitude  79«  35'  20.10*.] 


To  station— 


Flat  Top.... 
Sugar  Loat. 


Azimuth. 


358    48    04.9 
74    28    1&3 


Back  azimuth. 


178    48    18.1 
254    24    25.2 


Log. 
distance. 


Meters. 
4.406521 
3.987007 
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WEST  VIRGENXA. 

TRIANGULATION   STATIONS. 

BRAXTON,  CALHOUN,  CLAY,  KANAWHA,  ROANE,  AND  WIRT  COUNTIES. 

AEirOLDSBUBO,  TLATWOOD,  LITTLE  OTTER,  XOmOEA,  8FEH0E&,  AHS  WALTOV 

aUASRAirOLES. 

Triangulation  control  was  extended  in  1904  by  C.  A.  Clunet,  field 
assistant,  from^tations  Ruble,  Staats,  and  Weed.  Twenty-three  new 
stations  were  located  on  the  United  States  standard  datum. 

COON,  BRAXTON  COUNTY. 

On  a  high  peak  at  the  head  of  Coon  Creek,  2  miles  northwest  of 
Hoover  post-office  and  6  miles  southwest  of  Sutton;  timber  is  mostly 
cleared  from  top  of  knob.  Land  is  owned  by  T.  M.  Dean,  who  Uves 
at  Hoover.     A  ridge  road  runs  300  yards  south  of  signal. 

Station  mark:  A  sandstone  post  36  by  8  by  8  inches,  set  30  inches 
in  the  groimd  and  having  a  stamped  bronze  triangulation  tablet 
cemented  in  the  top. 

Reference  mark:  The  chestnut  oak  signal  tree,  distant  17.5  feet, 
true  azimuth  333°. 

[Latitude  38<»  36'  63.36'.    Longitude  SO*"  46'  49.92^.] 


To  sUtion— 

Acimuth. 

Back  azimuth. 

Log. 
distance. 

Harrison 

68    12    12.2 
72    30    63.6 

O             1               *l 

238    05    21.0 
252    17    44.8 

4274IU 

Pilot 

4.5068B6 

Frame 

4.13S50 

Mule 

m    03    34.0 
164    33    57.0 
240    48    60.0 

290    52    68.8 
344    32    46.3 
00    56    47.0 

4.420506 

Sugar 

4.013311 

High 

4.316880 

Green 

4.140950 

FRAME,    BRAXTON   COUNTY. 

(Not  occupied.     Position  unchecked.) 

On  a  high,  wooded  peak  I  mile  northeast  of  Servia  post-office. 
Station  mark:  A  large  chestnut  tree  having  cleats  nailed  up  trunk 
to  top,  which  is  cut  out. 

[Latitude  38*»  37'  40.3".    Ix>ngltude  SI** .%'  10.1".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log- 
distance. 

Pilot 

C             »                // 

O             »                f» 

MtUTt, 

430681 

Coon 

4.13355 
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(Not  occupied .     Position  unchecked . ) 

On  a  high,  partially  wooded  summit  known  locally  as  Rattlesnake 
Hill,  0.5  mile  northeast  of  Gip  post-oflBce,  on  land  of  Mr.  Miller,  who 
lives  at  Gip. 

Station  mark:  A  stone  post  24  by  8  by  8  inches,  set  20  inches  in  the 
groimd. 

Reference  marks:  A  large  chestnut-oak  tree  (signal  tree)  6  feet  east 
of  station. 

[Latitude  38*»  40*  15.9".    Longitude  SO**  58' 56.9".] 


To  station— 

Aslmutb.       I  Back  azimuth. 

Log. 
disUnoe. 

Weedy 

1 

°   '    "  1    °   '    " 

Metert, 
4.17007 

Mute.. 

1 

a  88757 

1 

GRBBN,  BRAXTON 

(Not  occupied. 

AND   NICHOLAS   COUNTIES. 

Position  unchecked.) 

On  a  high,  wooded  knob  6  miles  southeast  of  Littlebirch  post-oflBce 
and  3  miles  north  of  Skyles  post-oflBce,  at  the  head  of  Carpenter  Fork 
to  the  north  and  Mill  Creek  to  the  west,  on  the  Braxton-Nicholas 
county  line  and  0.5  mile  west  of  Webster  County  line.  Station  is  150 
yards  east  of  county  road  and  300  yards  north  of  forks  of  road  at  top 
of  hill  at  George  Wynn's  house. 

Signal:  A  flag  and  target  on  top  of  red-oak  tree  20  feet  south  of 
fence  line,  distant  from  station  22  feet. 

Station  mark:  A  sandstone  post  36  by  8  by  8  inches,  set  28  inches 
in  the  ground  and  having  a  bronze  triangulation  tablet  cemented  in 
the  top. 

[Latitude  38°  31' 39.4".    Longitude  79»  40*  01.7".) 


To  station— 

Azimuth. 

Back  azimuth. 

O             /                »/ 

Log. 
distance. 

Coon - 

O            /               // 

Meters, 
4.14006 

High 

4.33104 

HIOH,    BRAXTON   COUNTY. 

On  a  high  knob,  mostly  cleared,  12  miles  northeast  of  Sutton  and  2 
miles  west  of  Caress  post-office,  in  pasture  on  land  of  John  Marple, 
■who  lives  in  hollow  0.5  mile  northwest  of  station.  Station  is  3  feet 
north  of  east-west  fence  line,  100  yards  north  of  forks  of  county  road 
and  same  distance  east  of  Methodist  Church. 


Digitized  by  VjOOQIC 


108       PRIMARY   TRIANGULATION    AND   PRIMARY   TRAVERSE. 


Station  mark:  A  sandstone  post  36  by  8  by  8  inches,  set  30  inches 
in  the  ground  and  having  a  bronze  triangulation  tablet  cemented  in 
top. 

[Latitude  38*>  42'  20.73".    Longitude  79«  34'  20.41".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log. 

distance. 

Oreen 

o          /         // 

22    41    40 
60    56    47 
89    35    10 

o        /        n 

MeUri, 

4.3SI04 

Coon 

240    48    50 
260    26    10 

4.  mm 

Sugar 

4.319* 

SUGAR,  BRAXTON  COUNTY. 

At  the  head  of  Sugar  Creek,  on  a  high  knob  locally  known  as  Sugar 
Knob,  4  miles  northwest  of  Gassaway  station,  on  the  Coal  and  Coke 
Railway,  on  land  of  Mr.  Dodery,  east  side  of  summit  cleared  and  west 
side  timbered. 

Station  mark:  A  stone  post. 

Reference  marks:  The  tall,  straight  hickory  tree  on  north-south 
fence  line  which  divides  the  woods  from  cleared  land,  distant  from 
station  14.6  feet,  azimuth  175°  16'. 


[Latitude  SS**  42'  14.94". 

Longitude  79»  49'  43.22".] 

To  station- 

Azimuth.          Back  azimuth. 

Log. 
di5tanix>. 

Harrison 

O             f               tf 

33    43    12.8 
88    47    22.3 
260    26    10.0 
344    32    46.3 

f 

213    37    31.9 
268    37    57.3 
80    35    10.0 
164    33    57.0  1 

MeUrt. 

4.  anas 

Mule 

4.S3BSS 

High 

4.2196n 

Coon 

i.oi3m 

DESERT,    CALHOUN   COUNTY. 

On  a  high,  cleared  peak  in  pasture  2  mile  south  of  Bee>ch  post- 
office  and  0.25  mile  east  of  Roane  County  line,  on  land  of  Joseph 
Wagner,  who  lives  on  east  slope  of  knob,  locally  known  as  Desert 
Peak. 

Station  mark:  A  sandstone  post  36  by  7  by  7  inches,  set  32  inche? 
in  the  ground  and  having  a  bronze  triangulation  tablet  cemented  in 
top. 

Signal:  A  tall  chestnut-oak  tree  near  top  of  hill. 

[Latitude  38°  44'  32.91".     Longitude  81*>  09'  59.88'.] 


To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distjuMv. 

Craig 

O            f           ft 

128    34    26.1 
172    22    36.1 
232    24    31.0 
297    44    2L2 

O             f                ff 

308    28    S&  2 
352    21    33.6 
52    28    01.0 
117    48    14.5 

Mettn. 

4.210^! 

Rattiesnako                   .          

Millstone 

4.00MD 

Mule 

4.007M3 
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MILLSTONE,    CALHOUN   COUNTY. 

On  a  high,  cleared  knob  3.5  miles  northeast  of  Amoldsburg  and  0.5 
mile  southwest  of  Millstone  post-oflBce,  on  land  of  Mr.  Altizer,  of 
Amoldsburg. 

Station  mark:  A  stone  post  36  by  7  by  7  inches,  set  30  inches  in  the 
ground  and  having  a  bronze  triangulation  tablet  cemented  in  the  top. 

[Latitude  38»  47'  65.2".    Longitude  81*>  04'  24".J 


To  station—                                 i       Arlmuth. 

Back  azimuth. 

Log. 
distance. 

O             f           ft 

Deaert S2    28    01 

Rattlesnake 138    09    47 

Kite 

o            /         // 

232    24    31 
318    05    14 

Metert, 
4.00968 

4.19094 
4.21711 

MULE,    CALHOUN   COUNTY. 

On  a  high,  sharp  peak,  mostly  cleared,  1.5  miles  southeast  of  Min- 
nora  post-oflBce,  on  land  of  Charles  Knoth,  who  lives  on  south  side  of 
hill.     Road  almost  to  top.     Locally  known  as  Mule  Knob. 

Station  mark:  A  stone  post,  28  by  9  by  9  inches,  set  26  inches  in  the 
ground  and  having  a  bronze  tablet  cemented  in  the  top. 


[Latitude  38"'  41'  50.01".    Longitude  8r 

03'  46.86".] 

To  station—                                  .        Azimuth. 

Back  atirauth. 

Log. 

o 

/ 

ft 

Mtieri. 

Pilot 

17 

26 

22.8 

197    23    47.9 

4.302253 

Weedy 

1          28 

08 

46.4 

208    06    15.6 

4.093060 

Spencer 

99 

43 

53.5 

279    32    54.5 

4. 411902 

Deaert 

117 

48 

14.5 

297    44    21.2 

4.007943 

Craig 

124 

28 

02.0 

304    18    39.0 

4.420260 

Lukens 

135 

51 

21.3 

315    42    09.8 

4.483672 

Rattlesnake... 

153 

21 

33.5 

333    16    37.3 

4404923 

Sugar 

268 

37 

57.3 

88    47    22.3 

4.339282 

Coon 

1        290 

52 
18 
53 

58.8 
06.0 
09.5 

HI    03    34.0 

4.420508 

Oip 

Harrison 

1        294 

1        335 

3. 887570 

155    56    52.5 

4.326130 

KITK,    CALHOUN    COUNTY. 


On  a  high,  cleared  knob,  3  miles  northeast  of  Grantsville  and  0.25 
mile  southeast  of  Glenville  road,  on  land  belonging  to  Mrs.  Maggie 
Spoon,  who  lives  on  south  side  of  hill. 

Station  mark:  A  stone  post,  36  by  8  by  8  inches,  set  30  inches  in  the 
ground  and  having  a  bronze  triangulation  tablet  cemented  in  the  top. 


[Latitude  38° 

.•.6' 

46.7". 

Longitude  8r  03'  11.3".] 

To  station— 

i        ArJmutti. 

Back  azimuth. 

Log. 
distance. 

Millstone 

1    .    ,    .. 

O             /                // 

Meters. 
4.2ini 

Rattlesnake    . 

...j 1 

4.11750 
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LUKBN8,  CAXHOUN-WIRT    COUNTT  UNB. 

About  5  miles  northwest  of  Richardson,  on  a  high,  partly  cleared 
knob,  on  land  owned  by  Mr.  Quick  and  about  0.5  mile  from  house  of 
Mr.  Lukens.  There  are  a  few  chestnut  trees  on  the  north  side  of  lie 
knob  and  pines  on  the  south.  There  is  also  an  old  peach  orchard  on 
top. 

Station  mark:  A  blue  freestone  post,  36  by  8  by  8  inches, set  30 
inches  in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
triangulatipn  tablet. 

[Latitude  38'  63'  46.84".    Longitude  «1*  18'  27.05".] 


To  station- 


Craij?.. 
Poplar . 
Ball. 


Wwd 

Ruble 

Rattlesnake. 
Mule 


Admath. 

Back  Axiiiuith. 

(liitMBe. 

O             *                 »f 

o           /             // 

Udm. 

3    51    01.25 

183    50    4&.06 

turn 

18    05    57.27 

196    04    02162 

irmm 

Vfi6    26    09.26 

235    22    13.84 

iMoas 

>|^40     15.91 

277    32    54.51 

iwm 

18^2    56.34 

3    08    14.74 

4110I» 

264    52^^  ^7 

84    57    08.33 

imm 

315    42  ^^0 

135    51    2L30 

ifi30 

RATTLESNAKE,  CALHOUN    COUNTY. 

On  a  high  peak,  mostly  cleared  of  timber,  at  the  h?^  ^^  ^*' 
moriah  Run,  0.5  mile  west  of  Joker  post-office,  on  land  t  Camden 
Somers,  of  Clarksburg,  locally  known  as  Rattlesnake  Knob. 

Station  mark:  A  bronze  tablet  cemented  in  solid  rock. 

Reference  marks:  A  tall  lone  pine  tree  21.36  feet  due  west;^*^ 
cut  in  solid  rock  11.13  feet  due  south. 


[Latitude  38'  54'  16.16". 

Longitude  81*  11' 39.62."3 

To  station— 

AElmuth. 

Back  azimuth. 

Log. 
dlstefloe^ 

Spenoer 

37    22    26.53 
52    45    14.47 
84    67    08.33 
142    49    37.84 

"^217    16    22.43 

^    40    46.59 

li   52    52.47 

3V^    ^06 

1 

Meiers.     ' 

4.3637765 

Cralg 

4/117250 

Lukens 

19937419 

Ruble 

4.1777789 

Kite 

4.117S«W 

Millstone 

318    05    14.00 
333    16    37.30 
352    21    33.60 

153    2>g-» 
172    22  \W 

4.1MP400 

Mule 

4.4049230 

Desert 

4.2590300 

HARRIHON,  CLAV    COUNTY. 

On  a  high,  wooded  peak  1  mile  northwest  of  Harrison  pr^"^^^ 
and  1  mile  east  of  Sand  Fork,  on  the  Brackerhoff  tract  of  lai  ^ 
wood  road  runs  almost  to  signal  tree  from  the  south  from  tht^*^' 
Sutton  road  on  top  of  the  hill  0.5  mile  east  of  Sand  Fork. 

Signal:  A  flag  in  a  large  chestnut  oak  having  cleats  nailed  up 
platform  in  top  of  tree. 
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Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid 
rock. 

Keference  marks:  Chestnut-oak  signal  tree,  distant  13.8  feet,  azi- 
muth 277°  56'. 


[Latitude  38*  31'  31.62".    Longitude  80*  67'  49.48".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Pilot 

o            /            tt 

90    52    03.7 
155    66    52.5 
213    37    31.9 
238    05    21.0 

270    45    46.5 

335    53    09.5 

33    43    12.8 

58    12    12.2 

Metert. 
4. 166418 

Mule , 

4.326130 

Sugar 

Coon 

4.377236 
4.274113 

PILOT,  CLAY   COUNTY. 

On  a  high  knob  which  has  been  cleared  of  timber  on  top,  0.5  mile 
northwest  of  Valley  Fork  post-office,  on  land  owned  by  Swann, 
Brown  &  Co.     Road  crosses  gap  0.5  mile  east  of  station. 

Station  mark:  A  stone  post,  36  by  8  by  8  inches,  set  30  inches  in  the 
ground  and  having  a  bronze  triangulation  tablet  cemented  in  the  top. 


[Latitude  38*  31'  38.40".    Longitude  81'  07'  65.02."] 


To  station- 


Campbell 
Nichols.. 
Spencer  . 
Weedy . . 
Hule.... 
Frame... 

Coon 

Harrison 


Azimuth. 

Back  azimuth. 

Log. 
distance. 

99    29    50.6 
127    34    30.5 
140    21    51.7 
181    07    06.1 
197    23    47.9 
237    29    12.0 

279    20    14.7 

307    28    30.7 

320    13    28.9 

1    07    10.3 

17    26    22.8 

Metert. 
4.355820 
4.245792 
4.484208 
a  91 4430 
4.302255 
4.305810 

252    17    44.8 
270    45    46.5 

72    30    53.5 
90    52    03.7 

4.506803 
4.166418 

QUN8TOCK,  KANAWHA  COUNTY. 

On  a  high,  wood-topped  peak,  2  miles  south  of  Kettle  post-office 
and  1  mile  south  of  the  Roane  County  line,  on  land  belonging  to  M.  A. 
Tuipin,  who  lives  on  the  northeast  side  of  the  hill. 

Station  mark:  A  stone  post,  36  by  8  by  8  inches,  set  30  inches  in  the 
ground  and  having  a  bronze  triangulation  tablet  cemented  in  the  top. 

[Latitude  38«  32^  51.34".    Longitude  81*  29'  58.31."] 


To  station- 


Azimuth. 


Baclc  azimuth.       dirtSie. 


Countsville 198  16  58.0 

Spencer I  210  30  57.8 

t^cbots 244  47  27.6 

::aznpbeU 261  21  08.9 


30    36    21.2  I 
64    55    13.1 
81    25    17.7 


Metert. 

4.235120 
4.391500 
4.300013 
3. 989970 
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BALL.  ROANE   COUNTY. 

About  5  miles  northwest  of  Spencer  and  1.5  niiles  southwest  of 
Kyger,  on  a  cleared  ridge,  near  its  north  end,  on  land  of  Mr.  Ball  and 
about  0.75  mile  nearly  east  of  his  house. 

Station  mark:  A  blue  freestone  post,  36  by  8  by  8  inches,  set  30 
inches  in  the  ground,  in  the  center  of  top  of  which  is  cemented  & 
bronze  triangulation  tablet. 

Reference  mark:  A  dead  snag  used  for  signal,  distant  4.3  feet,  true 
azunuth  31°  49'. 

[Latitude  38<»  9Sy  24.53".    Longitude  81'»  24'  42.21".) 


To  station— 

Azimuth. 

Back  azimuth. 

distanoe. 

Staats 

Ill    19    39.49 
137    Ofr  05.22 
236    22    ia84 
274    47    04.47 
323    22    40. 70 

O             t               ff 

291    16    19.96 
317    04    39.56 
56    26    09.26 
94    50    47.56 
143    24    47.25 

Metrn. 

3.915e* 

Weed 

4.0&45S5 

Lukens 

4.0«!»fi 

Craig 

XSSSHC 

Poputr 

^  ^ff«ia 

CAMPBELL.  ROANE   COUNTY. 

On  a  high  bare  knob  2  miles  east  of  Dodd  post-oflSce,  in  pasture  oc 
land  owned  by  W.  C.  Campbell,  who  lives  on  the  west  side  of  the  hilL 

Signal:  A  lone  tree  with  limbs  cut  off. 

Station  mark:  A  stone  post,  36  by 8  by  8  inches,  set  30  inches  in  the 
ground  and  having  a  bronze  triangulation  tablet  cemented  in  the  top. 

Reference  mark:  The  lone  trimmed  signal  tree,  distant  31.6  feet, 
true  azunuth  142*^  00'. 


[Latitude  38«  33'  38.81."    Longitude  81°  23^  19.30".] 


To  statlon- 


Ounstock 
Spencer., 
jfichols.. 
PUot 


Azimuth. 


Back  azimuth. 


81 

25 

17.7 

188 

16 

19.6 

230 

07 

ILl 

279 

20 

14.7 

261 

21 

08.9 

8 

17 

33.7 

-50 

10 

47.7 

99 

29 

5a6 

distaziee. 


MeUrt. 

X 
4. 
4. 

4. 


COUNTSVILLE,  ROANE   COUNTY. 

(Not  occupied.     Position  unchecked.) 

On  a  high  cleared  knob,  0.25  mile  east  of  Countsville  post-office 
and  100  yards  east  of  Walton  road. 

Station  mark:  A  tall  locust  tree  having  a  flag  in  top. 

[Latitude  38"  41'  40.4".    Longitude  81<»  26'  16.2".] 
Testation—  Azimuth.  Back  arimuth.        dirtaner 

^  ,  o       ,        „  o       ,        »  Mam. 

Ounstock j '  4.  ?*o* 

Spencer • \  3L99V^ 
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CRAIO,  ROANE   COUNTY. 

About  5  miles  northeast  of  Spencer,  on  a  bald  hill  just  north  of 
fence  around  graveyard,  on  land  of  Scott  Craig  and  0.25  mile  south- 
east of  his  residence.  The  hill  is  high  and  prominent,  having  three 
oak  trees  along  a  fence  row  on  the  north,  and  a  peach  orchard  covers 
the  east  side  of  knob. 

Station  mark:  A  freestone  post,  dressed,  36  by  8  by  8  inches,  set  30 
inches  in  ground,  in  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet. 

[Latitude  38«  50'  01.09".    Longitude  SI**  18'  46.48".] 


To  Btation- 


Spencer 

Poplar 

Ball 

Weed 

Lukens 

Rattlesnake 

Mule 

Desert 


Azimuth. 

Back  azimuth. 

Log. 
distance. 

o         1          n 

O             1               tt 

Meleti. 

19    26    39.82 

199    24    03.30 

4.0483462 

32    28    11.53 

212    26    36.13 

a8398666 

94    60    47.65 

274    47    04.47 

3.9350141 

119    18    17.36 

299    11    08.45 

4.2760014 

183    50    49.06 

3    61    01.26 

3.8436737 

232    40    46.59 

62    46    14.47 

4. 1117250 

304    18    39.00 

124    28    02.00 

4.4202690 

308    28    66.20 

128    34    26.10 

4.2107520 

NICHOLS,  ROANE   COUNTY. 

On  the  high  peaked  top  of  a  very  large  rock,  4  miles  south  of  Looney- 
ville,  2  miles  northeast  of  Kester  post-office,  and  1  mile  south  of  Vine- 
yard Gap,  on  land  owned  by  Lige  Nichols,  who  lives  0.25  mile  north- 
west of  summit  in  hollow. 

Signal:  A  lone  snaggy  tree. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid  rock. 

Reference  marks:  The  lone  snaglike  signal  tree,  distant  29.2  feet, 
due  south. 

[Latitude  38°  37'  26.30".    Longitude  81°  17'  32.02".] 


To  station- 


Campbell. 
Gunstocic 
Spencer. . 
PUot 


Azimuth. 


50  10  47.7 

64  65  lai 

156  34  46.3 

307  28  30.7 


Baclc  azimuth. 

o 

, 

„ 

230 

07 

11.1 

244 

47 

27.6 

336 

32 

22.6 

127 

34 

30.5 

Log. 
distance. 


Mtieri. 
4.030300 
4.300013 
4.142326 
4.245792 


POPLAR,  ROANE   COUNTY. 

About  1.5  miles  southwest  of  Spencer,  on  a  high  bald  knob  on 
north  side  of  which  stands  a  lone  poplar  tree  20  inches  in  diameter 
with  a  broken  top.     Signal  is  lone  poplar  tree. 

Station  mark:  A  rough  sandstone  post,  30  by  14  by  5  inches,  set  24 
inches  in  the  ground,  in  center  of  top  of  which  is  coimtersunk  and 
cemented  a  bronze  triangulation  tablet. 
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Reference  marks:  Arrow  head  cut  in  solid  rock  nearly  east  and 
38.25  feet  from  station  mark;  the  lone  poplar  signal  tree  is  distant  29.9 
feet,  true  azimuth  190^  47'. 


[Latitude  38«»  46' 51.84". 

Longitude  81«»  21'  20.30".] 

To  station— 

Azimuth. 

Back  admuth. 

Log. 

Spencer 

o  -      t            // 

0  02  oao3 

127    19    37.73 
143    24    47.25 
198    04    02.62 
212    26    35.13 

O             /               f/ 

180    01    50.06 
307    14    1L76 
323    22    4a70 
18    05    6L27 
32    28    11.53 

Metert, 

3w673674S 

Staats 

4^197606 

Ball 

?^91??159 

Lukens 

4  12B10FP 

Cialg 

3.8308566 

SPENCER,    ROANE  COUNTY. 

On  a  high,  cleared  knob  with  a  few  scattering  trees,  5  miles  south 
of  Spencer  and  1  mile  northeast  of  Speed  post-office,  on  land  belonging 
to  Mr.  Spencer,  who  lives*  on  east  side  of  hill. 

Station  mark:  A  stone  post  36  by  8  by  8  inches,  set  30  inches  in 
the  groimd,  in  the  top  of  which  is  cemented  a  bronze  triangulation 
tablet. 

[Latitude  38*  44' 19.22^.    Longitude  81*  21' 20.42*.] 


To  station— 

Azimuth. 

Back  azimuth. 

distance. 

CampN^II 

8    17    33.70 
30    36    21.20 

o           /              // 

188    16    19.50 
210    30    57.80 

MeUn. 

4.J0006B 

Gunstoclc 

A.3sisao 

Countavilie 

Poplar 

180    01    59.96 
199    24    03.30 
217    16    22.43 
279    32    54.50 
307    46    15.50 
320    13    28.90 
336    32    22.50 

380    02    0a03 
19    25    39.82 
37    22    26.53 
99    43    53.50 
127    54    42.90 
140    21    51.70 
156    34    45.30 

3.67aS74B 

Craig 

4.04834C 

Rattiegnake 

Mule 

4.4119IBD 

Weed 

4.3964S79 

Pilot    .             

Nichols 

4.1423306 

STAATS,    ROANE   COUNTY. 

On  the  highest  part  of  the  bare,  sharply  rounded  south  knob  of  a 
double-headed  mountain,  the  north  knob  of  which  is  wooded,  about 
3  miles  southeast  of  Liverpool  and  1  mile  northwest  of  Latimer,  on 
land  owned  by  W.  T.  Staats,  whose  house  is  in  the  valley. 

Station  mark:  A  sandstone  post  36  by  9  by  9  inches,  set  30  inches 
in  the  groimd,  in  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation tablet. 


[  Latitude  38<'  52^  01.49*.    Longitude  81  <>  30"  00.23*.] 

To  station— 

Azimuth.          Back  azimuth. 

1 

dlatanoe. 

Reynolds 

50    58    09.35 
137    16    22.34 
177    35    16.45 
227    07    48.19 
291    16    19.98 
307    14    1L76 

O           /              // 

230    50    50.00 
317    12    31.56 
857    35    ia40 
47    15    22.24 
ill    19    39.49 
127    19    37.73 

MeUn, 

43906180 

Balis 

4.  lUSMfi 

Weed 

3.7fiCIM 

Ruble 

4.37SD4B 

Bali 

3.ftl54Mi 

Poplar 

i.l5nMK 
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WEEDY,    ROANE   COUNTY. 

On  a  high,  bare,  cultivated  knob  5  miles  east  of  Newton  and  2  miles 
southeast  of  Uler  post-office,  on  land  belonging  to  J.  J.  Smith,  who 
lives  at  foot  of  hill  on  north  side. 

Signal:  A  lumber  tripod. 

Station  mark:  A  stone  post  36  by  8  by  8  inches,  set  30. inches  in 
the  ground,  and  having  a  bronze  triangulation  tablet  cemented  in 
center  of  top. 

[  Latitude  38*»  36'  04.66'.    Longitude  81°  07'  48,40*.] 


To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Pilot 

Spencer 

: 

O             f               ft 

1    07    10.3 
127    54    42.9 
208    06     15.6 
238    55    44.0 

181    07    06.1 
307    46    15.6 
28    08    46.4 

Metert. 
3.9144300 
4.3954670 

Bfule 

OIp 

4.0930600 
4.1760700 

RUBLE,  WIHT  COUNTY. 

On  a  very  high,  wooded  knob  at  sv>uth  end  of  ridge,  2.5  miles  north 
of  Burning  Springs,  at  head  of  Two  Kun  on  east  and  Charieston  Rim 
on  west,  on  land  owned  by  C.  L.  Ruble,  who  lives  on  the  northeast 
side  of  ridge.  It  is  about  0.25  mile  east  of  the  Ruble  log  church. 
Locust  trees  cover  east  side  of  the  summit. 

Station  mark:  A  sandstone  post  36  by  9  by  9  inches,  set  36  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
triangulation  tablet. 

[  Latitude  39'*  OO'  44.10^.    Longitude  81*  17'  67.79*.] 


To  station— 


Lukens 

StAats 

Weed 

Balis 

Windy , 

Jephany 

Freed 

Rattlesnake 


Azimuth. 


Back  azimuth. 


Log. 
distance. 


3  08 

47  15 

50  01 

76  05 


94 
111 
148 
322 


14.74 
22.24 
48.11 
30.89 
37.09 
25.77 
28.80 
40.06 


183 
227 
238 
255 
274 
291 
328 
142 


56.34  ' 
48.19  I 
07. 75  I 
05.29  I 
57.36 

oa73 ' 

38  06.99  I 
49  37.84 


Meter». 
4.1101241 
4.3750402 
4.3132201 
4.4319366 
4.2992679 
4.0240129 
4.2831913 
4.1777789 


WEED,    WIRT,   JACKSON,    AND    ROANE   COUNTIES. 

At  highest  point  of  a  cultivated  knob  on  boundary  of  Wirt,  Jackson, 
and  Roane  counties,  3  miles  northeast  of  Liverpool,  on  land  of  D.  W. 
Dougherty,  whose  residence,  a  small  log  house,  is  situated  200  feet 
northeast  of  the  station,  at  a  slightly  lower  elevation.  Station  is 
about  7  feet  east  of  fence  and  about  100  feet  south  of  road.  (No 
boundary  post  was  foimd.) 
BuD.  310-07 9 


Digitized  by  VjOOQIC 


116       PRIMARY    TRIANGULATION    AND    PRIMARY    TRAVER8B. 


Station  mark:  A  sandstone  post  36  by  9  by  9  inches,  set  33  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
triangulation  tablet. 


[  Latitude  38*  5ft'  00.21*.    Longitude  81*  atK  09.86'.] 


To  station— 


BaUs.... 
Windy.. 
Jephany 
Ruble... 
Lokens. 
Craig... 

BaU 

BtaaU.. 


Azimuth. 


o 

/ 

// 

115 

16 

15.75 

169 

30 

34.12 

206 

12 

38.91 

238 

54 

07.75 

277 

32 

54.51 

299 

11 

08.45 

317 

04 

39.56 

357 

35 

ia40 

Back  azimuth.        ^j^^^ 


Meters. 

a97»5S 
4.091^21 
4.216S;3S 
4.3132201 
4.2326080 
4.27r«14 

4.of>4am 

3.7416364 


o 

, 

/, 

295 

12 

3a  9! 

349 

29 

35.35 

28 

16 

02.67 

59 

01 

48.11 

97 

40 

15.91 

119 

18 

17.38 

137 

08 

05.22 

177 

35 

16. 4S 

WISCONSIN. 

PRIMARY  TRAVERSE. 

DANE   COUNTY. 
GKOSS  FLADf S  QUADEAHOLB. 

The  following  geographic  positions  were  determined  by  primary 
traverse  in  1905  by  George  T.  Hawkins,  topographer.  The  line  starts 
from  Coast  and  Geodetic  Survey  astronomic  pier  at  Madison  and  fol- 
lows highways  west  to  the  edge  of  the  Cross  Plains  quadrangle; 
thence  south,  west,  north,  east,  and  south  to  the  point  where  the  Hne 
first  touched  the  quadrangle.  The  line  is  connected  with  the  Nor- 
wegian Church  spire,  a  United  States  Coast  and  Greodetic  Survey  tri- 
angulation station  near  Mount  Horeb.  Positions  are  given  on 
approximate  United  States  standard  datum. 

Oeographic  positions  along  highways. 


Station. 


Latitude. 


Longitiide. 


Madison  astronomic  station 

T.  7  N.,  R.  8  E.,  comer  sees.  13, 14, 23,  and  24,  crossroads 

T.  7  N.,  R.  8  E.,  hub  at  comer  sees.  23, 24,  25,  and  26,  crossroads 

T.  7  N.,  R.  8  E.,  comer  sees.  26, 2C,  35,  and  36,  T  road  east 

Township  lino,  east-west  road  on  same 

Blizzard  (J.)  house,  across  road  in  front  of,  6  feet  north  of  telefn^ph 

pole,  in  sec.  2,  on  southeast  side  of  road  running  northeast  and  soutn- 

west,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  7, 1905" 

Verona,  five  comers,  2  miles  north  of 

Verona,  road  north  2  miles  north  by  1.5  miles  west  of 

Rs.  7  and  8  E.,  line  between 

Clantorf ,  T  road  north 

Clantorf,  1,800  feet  west  of,  on  south  side  of  road,  2  feet  north  of  wire 

fence,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  8, 1905" 

Norwegian  Church,  three  comers  0.76  mile  southeast  of 

Norwegian  Church  spire 

T.  6  N.,  Rs.  6  and  7  E.,  quarter  comer  between  sees.  7  and  12 

Mount  Horeb,  In  northeast  part  of,  40  fwt  northeast  of  cpearaerr  and 

6  feet  southwest  of  comer  of  wire  fence,  iron  post  stamped  "Prim. 

Trav.  Sta.  No.  9,  1905" 

Tps.  6  and  7  N.,  R.  6  E.,  quarter  comer  between  sees.  1  and  36 

Cheese  factory,  three  comers 

Creamery,  T  road  west 

Tps.  7  and  8  N.,  R.  6  E.,  corner  sees.  2,  3,  34,  and  35 

Black  Earth,  In  southwest  part  of.  on  west  side  of  north-south  road 

and  200  foot  south  of  forks  to  northwest,  iron  bench-mark  post 

■tamped  ' '  Prim.  Trav.  Sta.  No.  10, 1905" 


43  04  3a6 

43  04  3L3 

43  03  3a7  I 

43  02  4a7  I 

43  01  54.0 


43 

01 

2a7 

43 

00 

67.9 

43 

00 

47.0 

43 

00 

Z5.Z 

43 

00 

351 

43  00  2ft  8 

43  00  09.8 

43  00  21.5 

43  00  3a  7 


43  00  4&5 

43  01  5&2 

43  04  oao 

43  05  24.1 

43  07  oas 


43    08    03.8 


89  24  07.3 

89  30  Qg.S 

89  30  0a6 

80  30  1L4 

89  30  42.3 


80  31  ILl 

89  32  Oa7 

89  o3  46.9 

80  36  07.S 

80  37  1&6 

89  37  €L0 

89  40  37.6 

89  41  2Sl1 

89  43  14  5 


89  43  «.: 

89  43  5L3 

89  43  44.9 

89  44  12.6 

89  45  315 


89    44    5&2 
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Geographic  positions  along  Chicago^   Milwaukee  and  St.  Paul  Railway  between  Black 

Earth  and  Roxbury. 


station. 


Latitude. 


Black  Rarth,  road  crosstng  at  threfi  comers  about  1.5  miles  northwest 
oi 

Mazomanie,  Catholic  Church  spire 

T-  8  N.,  R.  6  E.,  comer  sees.  2,  3, 10,  and  11,  four  comers 

Tp«.  8  and  9  N.,  R.  6  E.,  Chicago,  Milwaukee  and  St.  Paul  Rwy.,  at 
township  lino  crossing 

On  north  side  of  east-west  road,  410  feet  east  of  railroad  and  2  Uypt 
south  of  wire  fence,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  11, 
1905" 

T.  9  N.,  Rs.  0  and  7  E.,  comer  sees.  13, 18, 19,  and  24 

T.  9  N.,  R.  7  E.,  corner  sees.  17, 18, 19,  and  20,  T  road  south 

Roxbury,  crossroads 

T.  9  N.,  R.  7  E.,  sec.  23,  three  comers  near  by,  T  road  west 


43  09  ia9 

43  10  23.4 

43  11  29.5 

43  12  22.1 


43  14  58.5 

43  14  58  6 

43  14  50.2 

43  14  58  8 

43  14  32.2 


Longitude. 


89  46  07.8 

89  47  3a9 

89  45  33.4 

89  45  08.7 


89  43  3a2 

89  43  11.3 

89  42  OaO 

89  40  30.5 

80  38  05.7 


Geographic  positions  along  highways. 


Station. 


T.  9  N.,  R.  7  E.,  In  sec.  24,  on  east  side  of  road  running  northwest  and 
southeast,  6  feet  west  of  fence  and  1,900  feet  northwest  of  stone 
church  painted  white,  iron  post  stamped  '  *  Prim.  Trav.  Sta.  No.  12, 


Latitude. 


1905" 


T.  9  N.,  Rs.  7  and  8  E.,  quarter  comer  between  sees.  19  and  24 

T.  9  N.,  R.  8  E.,  quarter  comer  between  sees.  19  and  20,  X  road  north 

T.  9  N.,R.  8  E.,  comer  sees.  20,  21,  28,  and  29 

T.  9  N.,  R.  8  E.,  comer  sees.  21,  22,  27,  and  28,  crossroads 

T.  8  N.,  R.  8  E.,  comer  sees.  22,  23,  26,  and  27,  T  road  north 

T.  9  N.,  R.  8  E.,  0.25  mile  east  and  440  feet  south  of  corner  sees.  22, 23, 26, 
and  27,  east  side  of  north-south  road,  2  feet  west  of  wire  fence,  Iron 
port  stamped  ' '  Prim.  Trav.  Sta.  No.  13, 1905" 

T.  9  N.,  R.  8  E.,  four  comers  in  south  part  of  sec.  26 

Tps.  8  and  9  N.,  R.  8  E.,  crossing  of  township  line  between 

Schoolhouse,  T  road  south 

Schoolhousc,  crossroads 

T.  8N.,  R.  8E.,  quarter  comer  between  sees.  13  and  24 

T.  8  N.,  R.  8  E.,  quarter  comer  between  sees.  25  and  36 

Tps.  7  and  8  N.,  R.  8  E.,  quarter  corner  between  sees.  1  and  36,  770  feet  I 
north  of,  3  feet  from  wire  fence,  on  west  side  of  north-south  road,  iron 
pose  stamped  "Prim.  Trav.  Sta.  No.  14,1905" 

Pheasant  Branch,  three  comers 


43  14  5a8 

43  14  32.6 

43  14  33l4 

43  14  OKI 

43  14  08  7 

43  14  09.8 


43  14  0&4 

43  13  27.3 

43  12  25.0 

43  12  11.1 

43  10  39.0 

43  09  4&8 

43  08  0L2 


43    07    32.1 
43    06    15.2 


Longitude. 


89  36  21.5 

89  36  02.0 

89  34  51.6 

89  33  3a4 

89  32  27.4 

89  31  15.7 


89  30  57.2 

89  30  22.3 

89  30  22.7 

89  bO  04.9 

89  29  47.0 

89  29  29.9 

89  29  2a5 


89    29    29.5 
89    29    33.2 


ROCK    AND   WALWORTH   COUNTIES. 
DXLAYAH,  JAKESVILLE,  AlTD  BHOFIEBE  QTXADEAirGLES. 

Greographic  positions  in  these  quadrangles  were  obtained  by  pri- 
mary traverse  in  1905  by  George  T.  Hawkins,  topographer.  The 
line  starts  from  the  position  of  the  crossroads  2.75  miles  northeast  of 
Janesville,  follows  highways  south,  east,  and  north  near  the  borders  of 
the  Shopiere  quadrangle,  and  is  connected  with  the  city  school  at 
Janesville,  the  Congregational  Church  spire  at  Beloit,  and  the  adjusted 
position  of  bench-mark  post  No.  8, 1904, 6.5  miles  south  of  Whitewater. 

It  also  eixtends  from  the  southwest  comer  of  the  Delavan  quad- 
rangle east  aod  north  to  the  Yerkes  Observatory. 
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JANE8VILLE   QUADRANGLE   (rOCK   COUNTY). 

Geographic  positions  along  highways. 


Station. 


I^iUtude. 


Longitude. 


Janesvilie,  four  corners  2.75  miles  northeast  of 

Janosville.  do.n«i  of  city  school , 

T.  2  N.,  Rs.  12  and  13  K  ,  quarter  comer  between  sees.  7  and  12,  T  road 
Tvest , 

T.  2  N.,  Rs.  12  and  13  E.,  quarter  comer  between  sees.  13  and  18,  cross- 
roads  

On  cast  side  of  north-south  road,  2  feet  from  wire  fence,  D.  A.  Beckus's 
house  bears  N.  30*>  W..  distant  340  feet,  iron  post  stamped  "Prim. 
Trav.  Sta.  No.  1, 1905"^ , 

T.  2  N.,  Rs.  12  and  13  E.,  comer  sees.  25, 30, 31,  and  36,  crossroads 

Tps,  1  and  2  N.,  Rs.  12  and  13  E.,  comer  sees.  1 , 6. 31,  and  36,  crossroads. 

T.  1  N.,  Rs.  12  and  13  E.,  comer  sees.  1. 6, 7,  ana  12,  crossroads 

T.  1 N.,  Rs.  12  and  13  E.,  quarter  comer  between  sees.  19  and  24,  T  road 
west ; 

Beloit,  Congr^;ational  Church  spire 


42 
42 

43 
40 

12.2 
5&1 

88 
89 

59 
00 

47.6 
57-1 

42 

38 

5a4 

89 

00 

4L9 

42 

38 

05l9 

80 

00 

4L% 

42 
42 
42 
42 

37 
35 
35 
34 

oa5 

5&2 
03L2 

oas 

88 
80 
80 
80 

00 
00 
00 
00 

4L1 

4L1 

aoLt 

42 
42 

31 
30 

56L1 
0&7 

80 
80 

00 
01 

4L8 
3BL7 

8HOPIERE   QUADRANGLE    (rOCK   COUNTY). 

Geographic  positions  along  highways. 


Station. 


Latitude. 


Longitiida. 


Beloit,  2  miles  east  of,  870  feet  east  of  Chicago,  Milwaukee  and  St.  Paul 
Rwv.,  on  south  side  of  east-west  road,  2  feet  north  of  wire  fence,  iron 
post  stamped  "Prim.  Trav.  Sta.  No.  2, 1905" , 

T.  IN.,  R.  13  E.,  corner  sees.  27,  28,  33,  and  34,  T  road  south 

T.  1 N.,  R.  13  E.,  quarter  comer  between  sees.  26  and  35,  T  road  south. . , 

T.  1  N.,  Rs.  13  and  14  E.,  comer  sees.  25,  30,  31,  and  36,  crossroads 

Salisbiuy  (I^.  A.)  house,  260  feet  northeast  of,  on  south  side  of  east- 
west  road,  2  feet  from  wire  fence,  iron  post  stamped  "Prim.  Trav. 
Sta.  No.  o,  1905" 

T.  1  N.,  R.  14  E.,  quarter  comer  on  south  side  of  sec.  32,  State  line 

T.  1  N.,  R.  14  E.,  quarter  comer  between  sees.  27  and  34,  crossroads. . . 

T.  1  N.,  R.  14  E.,  comer  sees.  25, 26,  35,  and  36 

T.  1  N.,  R.  14  E.,  auarter  comer  between  sees.  29  and  32, 1,600  feet  west 
of,  north  side  of  east-west  road,  3  feet  from  plank  fence,  iron  post 
stamped  "Prim.  Trav.  Sta.  No.  4, 1905" 

T.  1  N.,  R.  15  E.,  comer  sees.  29  and  32,  crossroads 

T.  1  N.,  R.  15  E.,  comer  sees.  28  and  33,  crossroads 


42 
42 
42 
42 

30 
30 
30 
30 

24.4 

3ai 

33.7 
3a9 

88 
88 
88 
88 

59 
57 
56 
53 

53.4 
3l.ft 

42 
42 
42 
42 

30 
29 
30 
30 

2a6 
3&3 
24.9 
2a6 

88 
88 
88 
88 

52 
51 

40 
47 

r.i 

Sli 

SLt 
4S8 

42 
42 
42 

30 
30 
30 

24.6 
25u2 
27.4 

88 
88 

88 

45 
44 
43 

1L5 
SL2 

a8.s 
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DELAVAN   QUADRANGLE   ( WALWORTH  COUNTY). 

Geographic  positions  along  highways. 


Station. 


Latitude. 


Longitude. 


T.  1 N.,  R.  15  E.,  quarter  corner  between  sees.  21  and  28,  T  road  west 

T.  1  N.,  R.  15  E.,  quarter  comer  between  sees.  9  and  16,  crossroads 

Tpe.  1  and  2  N.,  R.  15  E.,  quarter  comer  between  sees.  4  and  33 

T.  2  N.,  R.  15  F..,  center  of  sec.  27,  crossroads 

Darien,  1.25  miles  nortliwest  of,  north  side  of  road  at  head  of  north- 
south  road,  2  feet  from  wire  fence,  iron  poet  stamped  **  Prim.  Trav. 
Sta.  No.6, 1905" 

Turtle  Creek,  T  road  east  0.25  mile  north  of , 

Turtle  Creek,  T  road  west  0.75  mile  north  of , 

Township  line,  four  comers  1  mile  south  of , 

Tps.  2  and  3  N.,  R.  15  E.,  comer  sees.  4,  5,  32,  and  33,  crossroads 

T.  3  N.,  R.  15  E.,  quarter  comer  between  sees.  28  and  29,  crossroads. . , 

Richmond,  0.75  mile  southeast  of,  T  road  east , 

T.  3  N.,  R.  15  E..  quarter  comer  between  sees.  5  and  8,  70  feet  south- 
west of  schoolnouse,  district  No.  5,  at  southwest  corner  of  school 
yard,  6.5  miles  south  of  Whitewater,  35  feet  northeast  of  crossroads, 
iron  post  stamped  **  Prim.  Trav.  Sta.  No.  8, 1904" 

T.  1  N.,  R.  16  E.,  comer  sees.  26,  27,  34,  and  35,  crossroads 

T.  1  N.,  R.  15  E.,  at  comer  sees.  25,  26,  35,  and  36,  crossroads 

T.  1  N.,  Rs.  15  and  16  E.,  comer  sees.  25,  30, 31,  and  .36,  crossroads 

T.  1  N.,  R.  16  E.,  comer  sees.  29,  30,  31,  and  32,  crossroads 

T.  1  N.,  R.  16  E.,  comer  sees.  29, 30, 31,  and  .32, 330  feet  east  of,  on  north 
side  of  east-west  road,  iron  post  stamped  **  Prim.  Trav.  Sta.  No.  5, 
1905" 

T.  1  N.,  R.  16  E.,  comer  sees.  28,  29,  32,  and  33,  crossroads 

T.  1  N.,  R.  16  E.,  comer  sees.  27,  28,  33,  and  34,  crossroads 

T.  1  N.,  R.  16  E.,  quarter  comer  between  sees.  21  and  22,  crossroads. . . 

T.  1  N.,  R.  16  E.,  quarter  comer  between  sees.  15  and  16,  crossroads. . . 

T.  1  N.,  R.  16  E.,  quarter  comer  between  sees.  10  and  11,  crossroads. . . 

Yerkes  Observatory  dome 


42  31 

42  33 

42  34    51.1 

42  36    09.6 


19.8 
04.2 


42  36  40.7 

42  37  53.1 

42  38 

42  39 

42  40  03.7 

42  41  22.3 

42  42  27.2 


18.8 
11.0 


42  44  24.7 

42  30  30.1 

42  30  31.8 

42  30  33.8 

42  30  34.4 


42  30  34.6 

42  30  34.2 

42  30  33.3 

42  31  52.4 

42  32  44.4 

42  33  36.4 

42  34 


13.6 


88  43  38.7 

88  43  38.6 

88  43  38.2 

88  43  38.7 


88 
88 


88 


88  38 

88  37 

88  35 

88  35 

88  35 

88.  34 


39.1 
32.7 
32.0 
33.9 
14.9 
17.8 
20.  G 


58.1 

44.2 
34.5 
18.0 


13.0 
07.8 
56.1 
57.3 
57.8 
48.2 
23.5 


DODGE,  MILWAUKEE,  OZAUKEE,  AND    WASHINGTON    COUNTIES. 
OLYKAir,  EARTFOKD,  POST  WASHDrOTOK,  WATJXZ8HA.;  AlTD  WBSTBEHD  QTXASEAHGLES. 

The  following  geographic  positions  were  determined  by  George  T. 
Hawkins,  topographer,  hi  1905.  The  line  starts  from  bench  mark 
No.  16,  1904,  3  miles  north  of  Ashippun,  follows  highways  north 
near  the  border  of  the  Clyman  quadrangle  to  the  northwest  comer 
of  the  Hartford  quadrangle,  thence  east  to  Lake  Michigan;  starting 
from  the  northeast  comer  of  the  Westbend  quadrangle,  it  runs 
southward  to  bench  mark  No.  22,  1904,  at  North  Greenfield. 

The  line  is  tied  to  Woodland  triangulation  station  of  the  United 
States  Lake  Survey,  to  Kewaskum  triangulation  station  of  the 
United  States  Geological  Survey,  and  to  primary  traverse  position 
at  Belgiimi,  1901. 
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HARTFORD   QUADRANGLE    (l)ODGE    AND   WASHINGTON    COUNTIES). 

Geographic  positions  along  highways. 


Station. 


Latitude. 


LongitiKlf. 


Ashippun.  3  miles  north  of,  Iron  post  No.  16, 1904 

Tps.  9and  10  N.,  R.  17  E.,  corner  sees.  5, 6,  31.  and  32,  T  road  east 

T.  ION.,  R.  17  E.,  corner  sees.  29,  30,  31,  and  32,  T  road  east [ 

Neosho,  T  road  east , 

T.  10  N.,  R.  17  E.,  comer  sees.  17,  18, 19,  and  20,  crossroads 

T.  10  N.,  R.  17  E.,  quarter  comer  sec.  5,  north  side  of,  T  road  south. .  .i 

Woodland  triangulation  station,  in  SW.  \  sec.  33,  Herman  Township,  j 
1.12  miles  east  of  Woodland  railway  station  and  10  meters  north  of  ' 
middle  of  road,  on  Herman- Rubicon  township  line.  Heisht  of  sta- 
tion used  was  47  feet.  Station  mark:  A  st«ne  post  2.5  feet  l>elow 
surface.  Reference  marlcs:  Three  stone  posts—one  8. 1°  38'  E.,  dip- 
tant  17.07  meters:  one  8.  87°  46'  26"  W.,  distent  320.59  meters,  and 
one  S.  88°  41'  24"  E.,  distant  484.49  meters.  Height  of  ground  at 
station,  607.2  feet 

T.  11  N.,  K.  17  E.,  south  comer  sees.  31  and  32,  240  feet  north  and  10 
feet  east  of,  on  east  side  of  north-south  road,  iron  post  stamped 
"Prim.  Trav.Sta.  No.  1.5, 1905" 

T.  11  N.,  R.  17  E.,  south  comer  sees  31  and  32,  T  road  north 

T.  11  N.,  R.  17E.,comer8ecs.  29, 30,  31,  and  32,  crossroads 

T.  11  N.,  R.  17  E.,  comer  sees.  19,  20,  29,  and  30,  crossroads 

T.  UN.,  R.  17  E.,  comer  sees.  17,  18, 19,  and  20,  crossroads 

T.  11  N.,  R.  17  E.,comer  sees.  7,  8,  17,  and  18,  crossroads 

T.  11  N.,  R.  17  E.,  comer  sees.  5,  6,  7,  and  8,  crossroads 

Tps.  11  and  12  N.,  R.  17  E.,  corner  sec."*.  5,  6. 31, and  32,  T  road  west. .. 

T.  12  N.,  R.  17  E.,  comer  sees.  29,30,  31,  and  32,  crossroads 

T.  12  N.,  R.  17  E.,  quarter  corner  between  sees.  29  and  30,  crossroad.s. . 

T.  12  N.,  R.  17  E.,  966  feet  west  of  quarter  comer  between  sees.  29  and 
30,  north  plde  of  east'west  road.  Iron  post  stamped  "Prim.  Trav. 
Sta.  No.  16,  1905" 

T.  12  N.,  R.  16  E.,  quarter  corner  between  sees.  25  and  30,  T  roads 

Mayville,  T  road  east  1  mile  south  of 

T.  12  N.,  R.  17  E.,  quarter  corner  between  sees.  28  and  29 

T.  12  N.,  R.  17  E.,  corner  sees.  23,  24,  25,  and  26,  T  road  north 

T.  12  N.,  Rs.  17  and  18  E.,  16  feet  north  and  42  feet  west  of  comer  sees. 
19,  30,  24,  and  26,  north  side  of  east-west  road,  iron  post  stamped 
'*  Prim.  Trav.  Sta.  No.  17,  1905,"  elevation  1,026.072  feet 

T.  12  N.,  Rs.  17  and  18  E.,  comer  sees.  19, 30,  25,  and  24,  T  road  west. . 

Rock  River,  iron  bridge  ov^r,  center  of 

T.  12  N.,  R.  18  E.,  comer  sees.  27,  28,  33,  and  34,  T  road  south 

T.  12  N.,  R.  18  E..  corner  sees.  26,  27,  34,  and  35,  crossroads 

T.  12  N.,  R.  18  E.,  corner  sees.  25,  26,  35.  and  36,  T  road  south 

T.  12  N.,  Rs.  18  and  19  E.,  comer  sees.  25,  30,  31,  and  36,  crossroads. . . . 

T.  12  N.,  Rs.  18  and  19  E.,  corner  sees.  25, 19,  24,  and  30,  T  road  east. . . 

T.  12  N.,  Rs.  18  and  19  E.,  comer  sees.  18, 19,  24,  and  13,  T  road  east... 

T.  12  N.,  R.  19  E.,  comer  sees.  17,  18,  19,  and  20.  450  feet  east  of,  on 
north  side  of  east- west  road,  3  feet  south  of  wire  fence,  iron  post 
stamped  "Prim.  Trav.  Sta.  No.  18. 1905" 


43  16  07.5 

43  16  59.1 

43  17  51.8  , 

43  18  38.2  ' 

43  19  35.3 

43  22  14.4 


t 


8S  31  54H 

88  31  Q&^ 

88  31  <ft:i 

88  31  06; 

88  31  0*  : 

88  »  /-€ 


43 

22 

14.8  j 

88 

29 

c: 

43 

22 

16.7  1 

88 

30 

62* 

43 

22 

14.3  1 

88 

» 

«: 

43 

23 

06.4 

88 

30 

00*. 

43 

23 

58.6 

S8 

30 

0  3 

43 

24 

50.7 

88 

3D 

tf'5 

43 

25 

42.5 

88 

30 

00.  J 

43 

26 

34.7 

88 

2» 

5ST 

43 

27 

25.1 

88 

29 

3»l 

43 

28 

17.5  1 

88 

29 

5«  ■ 

43 

28 

43.7  , 

88 

29 

.* : 

43 

28 

43.8 

RS 

30 

»^  • 

43 

28 

44.5  , 

88 

31 

1^^ 

43 

28 

46.5  ' 

88 

X* 

#»- 

43 

28 

43.7 

88 

38 

47  4 

43 

29 

08.8 

1 

88 

25 

111 

43 

29 

09.5 

88 

24 

oe.: 

43 

29 

09.3 

88 

24 

Olf 

43 

28 

336 

88 

22 

5.=^? 

43 

28 

16.2 

*iS 

3D 

»4 

43 

28 

U.6 

88 

1<» 

IV  1 

43 

28 

14.4  , 

88 

IS 

»2 

43 

28 

14.2  1 

88 

16 

54t 

43 

29 

06.8 

88 

16 

SS< 

43 

29 

59.3 

8S 

16 

s.: 

43 

29 

59.0  1 

88 

15 

336 

WESTBEND    QUADRANGLE    (oZAUKEE    AND    WASHINGTON    COUNTIEIS). 

Geographic  positions  along  highways. 


Station. 


Latitude. 


T.  12  N.,  R.  19  E.,  comer  sees.  16, 17,  20,  and  21,  crossroads 

T.  12  N.,  R.  19  E.,  corner  sees.  15,  16,  21,  and  22,  crossroads 

Three  corners,  40  feet  west  of,  2  feet  north  of  wire  fence,  iron  post 

stamped  "Prim.  Trav.  Sta.  No.  19, 1905,"  adjusted  elevation  968.749 

feet 

T.  12  S., 
T.  12  N., 
T.  12N., 
T.  12N., 
T.  12  N., 
T.  12N  , 

feet  cai 

"Prim 
T.  12  N., 
T.  12  N., 


Rs.  19  and  20  E.,  corner  sees.  13, 18,  19,  and  24,  crossroads ' 

Rs.  19  and  20  E.,  corner  sees.  17,  18,  19,  and  20,  crossroads 

R.  20  E.,  corner  sees.  16, 17,  20,  and  21 ,  T  road  south 

R  20  E. .corner  sees.  15,  16,  21,  and  22,  crossroads I 

R.  20  E.,  corner  sees.  13,  14,  23,  and  24,  crossroads 

R.  20  E.,  comer  sees.  13,  14,  23,  and  24,  55  feet  south  and  15 
Rt  of,  on  east  side  of  north-south  road,  iron  post  stamped 

Trav.  Sta.  No.  20, 1W5."  adjusted  elevation  847  .971  feet 

Rs.  20  and  21  E.,  corner  sees.  18, 19,  24,  and  13,  T  road  north.' 
R.  21  E.,  comer  sees.  16, 17,  20,  and  21,  crossroads 


longitude. 


43 

29 

57  9 

88 

14 

2^4 

43 

29 

56.7 

88 

13 

IM 

43 

29 

48.0 

88 

10 

37' 

43 

29 

55.3 

88 

09 

.> : 

43 

29 

51.0 

88 

08 

'jr  ^ 

43 

29 

53.5  1 

88 

or 

]■  » 

43 

29 

53.1  i 

88 

06 

a. 4 

43 

29 

53.5 

SS 

03 

36-^ 

43 

29 

52.9  1 

88 

OS 

3Sf 

43 

29 

53.6' 

88 

02 

31^ 

43 

29 

54.0 

88 

GO 

«-4 
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WISCONSIN. 

PORT   WASHINGTON   QUADRANGLE    (OZAUKEE   COUNTY.) 

Geographic  positions  along  highways. 


121 


Station. 

Latitude. 

Longitude. 

T.  12,  R.  21  E.,  comer  sees.  15, 16,  21,  and  22,  T  road  west 

o 

43 
43 
43 
43 
43 
43 
43 
43 
43 

43 
43 

43 

43 
43 
43 
43 
43 
43 
43 

43 
43 
43 
43 
43 
43 
43 
43 

29 
29 
29 
29 
29 
29 
29 
29 
29 

29 
29 
28 

27 
27 
26 
26 
24 
22 
22 

22 
21 
20 
19 
17 
16 
16 
16 

65.0 
57.4 
68.7 
68.3 
68.2 
68.1 
66.2 
68.2 
67.6 

67.9 
01.9 
09.6 

18.0 
18.0 
26.1 
32.7 
40.4 
56.7 
03.6 

03.4 
06.4 
14.6 
22.6 
36.6 
44.4 
44.4 
66.4 

o 

87 
87 
87 
87 
87 
87 
87 
87 
87 

87 
87 
87 

87 
87 
87 
87 
87 
87 
87 

87 
87 
87 
87 
88 
88 
88 
88 

68 
66 
65 
64 
62 
61 
51 
49 
48 

48 
60 
SO 

68 
68 
58 
58 
68 
68 
68 

68 
60 
60 
69 
00 
00 
00 
00 

49  R 

T.  12  N.,  R- 21  E.,  corner  sees.  13, 14,  23,  and  24,  crossroads 

26.8 

T.  12  N.,  Rs.  21  and  22  E.,  corner  sees.  13, 18, 19,  and  24,  T  road  south  . 
T.  12  N.,  R.  22  E.,  comer  sees.  17, 18, 10,  and  20,  crossroads 

13.5 
00.8 

T.  12  N.,  R.  22  E.,  corner  sees.  16, 17,  20,  and  21,  crossroads 

48  7 

T.  12  N.,  R.  22  E.,  comer  sees.  15, 16,  21,  and  22,  crossroads 

37.1 

Belgium  station 

17  0 

T.  12  N.,  R.  22  E.,  corner  sees.  13, 14,  23,  and'  24,  crossroads 

13.3 

T.  12  N.,  Rs.  22  and  23  E.,  comer  sees.  18, 1».  24,  and  13.  crossroads. . . . 
T.  12  N.,  Rs.  22  and  23  E.,  comer  sees.  18.  19,  24.  and  13,  30  feet  north 

and  15  feet  east  of,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  21. 

1905" 

02.2 
02  0 

Fredonia.  crossroads  0.76  mile  north  of 

24.6 

T.  12  N.,  R.  21  E.,  quarter  comer  between  sees.  28  and  33,  T  road  north. 

T.  12  N.,  R.  21  E.,  south  quarter  corner  between  sees.  33  and  34,  T  road 

north 

24.1 
47  6 

T.  11  N.,  R.  21  E.,  north  corner  sees.  3  and  4,  T  road  south 

48.7 

T.  1 1  N.,  R.  21  E.,  corner  sees.  3.  4,  9,  and  10,  crossroads 

49.1 

T.  11  N.,  R.  21  E.,  comer  sees.  9, 10, 15,  and  16,  crossroads 

49.6 

T.  11  N.,  R.  21  E.,  comer  sees.  15, 16,21,  and  22,  crossroads 

49.6 

T.  11  N.,  R.  21  E.,  corner  sees.  27,  28,  33  ,and  34,  crossroads 

47.8 

T.  12  N.,  R.  21  E.,  south  comer  sees.  33  and  34,  T  road  north 

46  8 

T.  11  N.,  R.  21  E..  south  comer  sees.  33  and  34,  16  feet  south  of,  on 
south  side  of  east- west  road.  3  feet  north  of  stone  fence,  iron  post 
stamped  •' Prim.  Trav.  Sta.  No.  22, 1905" 

46.8 

T.  10  N.,  R.21  E.,  comer  sees.  2,  3, 10.  and  11.  crossroads 

060 

T.  10  N.,  R.  21  E.,  comer  sees.  10, 11,  14,  and  15,  crossroads 

05.0 

T.  10  N..  R.  21  E.,  corner  sees.  14,  15,  22.  and  23,  crossroads 

04  4 

T.  10  N.,  R.  21  E.,  comer  sees.  27,  28,  33,  and  34,  crossroads 

14.2 

T.  9  N.,  R.  21  E..  north  comer  sees.  3  and  4  T  road  north  ...     . 

13  7 

T.  10  N.,  R.  21  E.,  south  comer  sees.  33  and  34,  T  road  north 

13.2 

T.  9  N.,  R.  21  E.,  comer  sees.  3,  4,  9,  and  10,  crossroads 

12.6 

WAUKESHA   QUADRANGLE    (WASHINGTON    AND    WAUKESHA   COUNTIES.) 

Geographic  positions  along  highways. 


SUtlon. 

Latitude. 

Longitude. 

T.  9  N.,  R.  21  E.,  corner  sees.  9,  10,  16,  and  16,  2.000  feet  south  of,  on 
east  side  of  north-south  road,  iron  post  stamped  "Prim.  Trav.  Sta. 
No.  23, 1905" :. 

43 
43 
-43 
43 
43 
43 
43 
43 
43 

43 
43 
43 
43 
43 
43 
43 

14 
14 
13 
12 
11 
10 
09 
08 
08 

07 
06 
06 
05 
04 
03 
00 

45.9 
10.4 
18.1 
25.9 
33.3 
40.6 
47.9 
66.6 
02.8 

46.7 
20.3 
20.3 
24.2 
31.7 
39.2 
36.7 

o 

9S 
88 
88 
88 
88 
88 
88 
88 
88 

88 
88 
88 
88 
88 
88 
88 

00 
00 
00 
00 
00 
00 
00 
00 
00 

00 
00 
00 
00 
00 
00 
00 

n  7 

T-  9  N.,  R.  21  E.,  comer  sees.  15, 16,  21 ,  and  22,  crossroads 

11.7 

T.  9  N.,  R.  21  E.,  comer  sees.  21,  22,  27,  and  28,  crossroads 

12.0 

T.  9  N.,  R.  21  E.,  corner  sees.  27,  28,  33,  and  34,  crossroads 

12.3 

Tps.  8  and  9  N.,  R.  21  E.,  comer  sees.  3,  4,  33  and  34,  crossroads 

T.  8  N.,  R.21  E.,  corner  sees.  3,  4.  9,  and  10,  crossroads 

13.0 
14  7 

T.  8  N.,  R.  21  E.,  corner  sees.  9, 10, 15,  and  16,  crossroads 

15.8 

T-8N.,  R.21  E.,  corner  sees.  15, 16,21,  and  22,  crossroads 

18  2 

T.  8  N.,  R.  21  E.,  corner  sees.  21,  22,  27,  and  28,  crossroads 

19  8 

T-  8  N.,  R.  21  E.,  corner  sees.  21, 22, 27,  and  28, 1,700  feet  south  of,  1  foot 
east  of  wire  fence,  on  north-south  road,  iron  post  sUmped  "Prim. 
Trav.  Sta.  No.  24, 1905" 

?n  6 

T.  8  N.,  R.  21  E.,  south  comer  sees.  33  and  34,  T  road  north 

21.2 

T.  7  N.,  R.  21  E.,  north  corner  sees.  3  and  4,  T  road  south 

n  R 

T.  7  N.,  R.  21  E.,  corner  sees.  3,  4,  9,  and  10,  crossroads 

25.0 

T.  7  N.,  R.  21  E.,  comer  sees.  9,  10, 15,  and  16,  crossroads 

?5  6 

T.  7  N.,  R.21  E.,  corner  sees.  16, 16,  21,  and  22,  crossroads 

26.9 

North  Greenfield,  iron  post  No.  22, 1904 

47  6 
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WESTERN  DIVISION  OF  TOPOGRAPHY. 

E.  M.  Douglas,  Geographer  in  charge. 


CAIilFORNIA. 

TRIANGULATION    STATIONS. 

COLUSA    AND   YOLO   COUNTIES. 
GOPAT,  GOLXrSA,  DirVHIOAN,  BTmSET,  AHD  WOODLAHD  QUASRAH0LB8. 

In  1905  C.  F.  Urquhart,  topographer,  extended  triangulation  over 
five  15-minute  quadrangles  in  the  Sacramento  Valley,  in  cooperation 
with  the  State  of  California.  Positions  are  based  on  Yolo  north we^ 
base  and  southeast  base,  United  States  standard  datum,  of  the  Coast 
and  Geodetic  Survey. 

ARBUCKLE,    COLUSA   COUNTY. 

(Not  occupied.) 

Station  mark:  The  spire  on  Baptist  Church  in  Arbuckle,  in  the 
southwest  part  of  town,  near  the  schoolhouse. 

[Latitude  39«  00'  54.526".    Longitude  122*  03'  23.352".] 


To  sttftlon- 


Foothin. 
Stovail.. 
Franklin 
Oallup.. 


Back  azimuth. 


236  27  42.49 

296  21  24.88 

39  48  03.97 

168  05  41.30 


Loi: 

distanoa. 


4. 1478M 
4.42S0SS 

3.7S3O770 
4.2108231 


ASH,   COLUSA   COUNTY. 

On  a  hill  in  Mr.  Ash*s  pasture,  about  6  miles  west  and  one-half 
mile  north  of  Arbuckle.  The  road  from  Arbuckle  to  Rumsey  passes 
one-half  mile  south  of  the  station,  at  a  point  about  one-fourth  mile 
west  of  the  schoolhouse  on  Sand  Creek.  At  this  point  there  is  a 
wire  gate  leading  into  the  Jones  ranch,  thence  up  old  grade  to  the 
fence  between  the  Jones  and  Ash  ranches. 

Signal:  A  lumber  quadripod  about  14  feet  high. 

122 
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CALIFORNIA. 


123 


Station  mark:  An  iron  bench-mark  post  set  in  ground  under  center 
of  signal. 

[Latitude  39"  01'  15.437".    Longitude  122"  09'  45.363".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Stovall 

127    26    37.83 
240    41    46.26 
273    58    49.67 

O             /                // 

307    20    12.48 
60    44    55.60 
94    02    53.26 

Meters. 
4.2671365 

Webster 

3. 9184686 

Arbuckle 

3.9644111 

BARN,  COLUSA   COUNTY. 

(Not  occupied.) 

The  cupola  on  large  bam  owned  by  Mr.  Morris,  about  6  miles 
north  of  Arbuckle. 

Station  mark:  Center  of  cupola. 

[Latitude  39"  06'  03.067".    Longitude  122»  03'  17.1fl8"0 


To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Foothill 

stovall 

Franklin 

34    31    25.57 
95    42    28.43 
326    09    55.18 

o           /             // 

214    26    15.11 
275    31    57.88 
146    11    26.06 

Meters. 
4.3212151 
4.3825774 
3.7942240 

COLLEGE  CITY,  COLUSA  COUNTY. 

(Not  occupied.) 

Station  mark:  The  spire  on  church  in  College  City,  about  3  miles 
east  of  Arbuckle,  a  station  on  the  Southern  Pacific  Railroad. 

[Latitude  39"  00'  14.459".    Longitude  122'  00'  23. 592".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Foothin 

Oft' 

67    56    45.06 
115    02    15.56 
172    46    14.18 

o           /              // 

247    49    45.74 
294    49    56.26 
352    45    55.64 

Meiers. 
4.2386071 

Stovall 

4.4928252 

Franklin 

3. 7499138 

COLUSA,  COLUSA   COUNTY. 

(Not  occupied.) 

The  station  is  the  top  of  what  seemed  to  be  a  large,  high  water 
tank  in  Colusa.  Windows  showed  in  the  square-shaped  building, 
and  on  top  there  was  a  round  tank. 

[Latitude  39*  12'  55.137".    Longitude  122*  00'  12.870".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log. 
dlsunce. 

Franklin  

O            /               // 

3    05    25.41 
28    34    02.06 
70    06    15.28 

O            /               */ 

183    05    00.07 
208    26    55.03 
249    53    47.53 

Meiers. 
4.2529963 

Foothill 

4.5329373 

Stovall 

4.4806461 
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124      PRIMARY    TRIANGULATION    AND   PRIMARY   TRAVERSE. 


FOOTHILL,  COLUSA  COUNTY. 

On  a  small  bald  point  about  12  miles  southwest  of  Arbuckle. 
There  is  a  good  road  from  Arbuckle  to  Pat.  Molalley's  ranch,  on 
Petroleum  Creek,  a  distance  of  7  miles;  thence  up  the  creek  4  miles 
to  a  cabin,  and  about  one-fourth  mile  beyond  the  cabin  up  left-hand 
creek  to  place  where  a  cabin  has  been  burned.  There  is  a  small 
shack  standing  and  an  old  well.  At  this  place  wagon  will  have  to 
be  left.  Thence  up  creek  on  horseback  or  foot  between  one-fourth 
and  one-half  mile,  thence  up  ridge  to  left. 

Signal:  A  tree  set  in  the  ground. 

Station  mark:  An  iron  bench-mark  post  set  in  the  ground  near  the 
signal   tree. 

[ Latitude  38*  56'  43.005".    Longitude  122*  11'  30.267".] 


To  station— 


Stovall 

Williams.... 

Colusa 

Bam 

Webster 

Franklin 

Arbuckle 

College  City. 

Johns 

Smokestack . 
Dunnlgan . . . 
Gallup 


Azimuth. 


148 
188 
208 
214 
218 
231 
236 
247 
266 
274 
288 
298 


35.26 
45.10 
55.08 
15.11 
34.18 
21.81 
42.49 
45.74 
54.15 
46.75 
01.06 
28.22 


Back  azimuth. 


328  06 

8  13 

28  34 

34  31 

38  06 

51  47 

56  32 

67  56 

86  18 

94  39 

106  31 

118  25 


16.29 
13.94 
02.06 
25.57 
49.38 
02.84 
48. 7S 
45.06 
17.22 
29.83 
27.83 
01.57 


MeUr*. 

4.36373S 
4. 3736454 

4.53295^3 

4- 3^  1215] 
4.19a2SL£ 
4.2907;>(3 
4-147FMJ 

4.Bfean 

4.2S5Sn 
4.431S» 
4.311S3C 
4.2 


PRANKUN,  COLUSA   COUNTY. 

The  pole  set  in  the  cupola  of  Franklin  schoolhouse,  about  5  mil^ 
north  and  east  of  Arbuckle  and  about  3  miles  north  of  Collie  Citj^ 
about  one-eighth  mile  south  of  store  where  road  turns  east  to  go  ova 
long  bridge  leading  into  Morman  Basin. 

Station  mark:  An  iron  bench-mark  post  set  in  the  ground  50  feet 
from  signal  on  line  to  Stovall  station.  The  post  is  very  near  the 
fence  in  front  of  the  school,  between  fence  and  northerxjunost  hitching 
post. 

[  Latitude  39°  03'  15.331''.     Longitude  122°  00'  53.017".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distjuwe. 

Gallup *. 

o           /              // 

0    44    55l09 
17    32    09.04 
39    48    03.97 
51    47    02.84 
93    40    38.53 
105    25    5L87 
146    11    2a06 
183    05    oa  07 
320    49    59.37 
341    58    4a  76 

o            ,     ,         ,, 

180    44    4&19 

Metert, 

Stevens     .                  ....             .           

197    28l0il45.          4.4a?iaC 

A  rbuckle 

219    46 '32.38 
231    40    2L8L 
273    38    1Z51 
285    13    Sa73 
3J»    09    55.18 
3    05    25.41 
140    55    02.34 

3L  TUOT.^ 

Foothill 

4L2907M3 

Webster 

z.'i^mtet 

Stovall 

4.454Sa» 

Bam 

3w7»e24B 

Colusa 

4L252&9IS 

Smokestack 

A.VJtXlC 

Mesa 

162    03    2&20  1          4.S4SJBLI 
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JOHNS,  COLUSA   COUNTY. 


(Not  occupied.) 


Station  mark:  The  flag  pole  on  Johns  schoolhouse,  about  5  miles 
north  of  Dunnigan. 

[  Latitude  38*  57'  24.129".     Longitude  121">  58'  10.026".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Gallup 

24    00    48.72 
86    18    17.22 
160    06    27.64 

o           /              // 

203    58    59L45 
266    09    54.15 
340    04    4&06 

Mtieri. 
4.0130554 

Foothill 

4.2858171 

Fmnklln 

4.0613867 

SMOKESTACK,  COLUSA  COUNTY. 

Station  mark:  The  smokestack  of  pumping  plant  on  reclamation 
district  108.  There  is  a  road  to  it  down  Sacramento  River  from 
Grimes  post-office,  but  the  best  way  is  to  go  from  Captain  Hull's 
residence  by  boat.  Mr.  Friel,  who  lives  4  J  miles  north  of  Dunnigan, 
has  a  very  good  boat  and  will  act  as  boatman.  The  point  is  also 
known  as  Howell  Point.  No  post  was  put  in  at  this  station,  as  the 
only  land  above  water  was  the  levee. 


[  Latitude  38<»  65'  33.303". 

Longitude  121°  52*  51.488".] 

To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

llesa 

o           /              // 

2    17    4&31 
36    47    ia63 
53    49    05i50 
60    03    14.41 

o           /              // 

182    17    28.37 
216    43    44.96 
233    40    oa  16 
239    59    5&43 
243    02    30.88 
274    27    46.75 
320    49    59.37 
169    18    5L31 

Mtters. 
4.2823401 

Curtis 

4.1391496 

Stevens 

4.4148425 

Dunnigan 

a9384023 

Gallup 

Foothill 

•Franklin 

Blodgett 

63    14    09.70 
94    39    29.83 
140    55    20.34 
349    17    57.53 

15399159 
4.4318735 
4.2640047 
4.0466199 

STOVALL,  COLUSA   COUNTY. 

On  the  highest  of  three  peaks,  known  locally  as  the  Three  Sisters, 
on  ridge  in  pasture  of  the  Stovall-Wilcoxon  Company.  It  is  about  3 
miles  west  by  northwest  of  the  Stovall  residence  and  about  \\  miles 
south  of  the  Mountain  House  post-office.  The  hill  is  probably  1,500 
or  2,000  feet  high  and  scattering  oak  and  pine  trees  are  on  it.  The  best 
way  to  climb  it  is  from  the  Mountain  House,  where  there  are  accom- 
modations for  men  and  animals.  The  mountain  is  11  miles  from 
Williams  and  18  from  Arbuckle.  There  are  several  high  trees  on  the 
northeast  side  of  the  mountain  which  would  interfere  with  observa- 
tions in  the  direction  of  Maxwell. 
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Signal :  A  small  tree  set  in  the  ground  on  highest  point. 
Station  mark:  An  iron  bench-mark  post. 

[  Latitude  39*»  07'  19.704' .    Longitude  122^  W  66.753".] 


To  station— 

Aslmuth. 

Back  azimuth. 

distanoe. 

Colusa 

o        /          // 

249    53    47.53 
255    57    4a  23 
275    31    57.88 
285    13    5a  73 
288    03    2&66 
294    49    56.26 
296    21    24.88 
307    20    IZ  48 
328    06    1&29 

O          f             fr 

70    06    15l28 
76    04    3L94 
95    42    2&43 

105  25    51.87 

106  13    0L73 

115  02    15.56 

116  31    54.06 
127    26    37.83 
148    13    3&26 

Williams 

4  3CM:>« 

Barn 

4.382S74 

Franklin 

4.  I5WB 

Webster 

4.3630* 

College  City 

Arbuckle 

4  jwgm 

Ash 

4.3671K 

Foothill 

4.3U7M 

WEBSTER,  COLUSA   COUNTY. 


Station  mark:  The  cupola  on  schoolhouse,  known  as  the  Webster 
school,  about  4  miles  up  the  railroad  from  Arbuckle. 

[  Latitude  39°  03*  26.880".    Longitude  122«  04'  44.758".] 


To  station- 

Azimuth.        ,   Backaxlmuth. 

distajaoe. 

Foothill 

0       /        ..      1        •       /        ..            Meter*. 
38    06    49. 38         218    02    34. 18             4.  lyaBRS 

Ash 

00    44    56l€0 
108    13    0L73 
273    38    12.51 

240    41    4«L26 
288    03    2a68 
93    40    3&53 

3.91MiJ« 

Stovall 

4.3S29S* 

Franklin 

WILLIAMS,  COLUSA   COUNTY. 

(Not  occupied.) 

Station  mark:  The  cupola  on  large  school  building  in  Williams,  a 
station  on  the  Southern  Pacific  Railroad. 

[  Latitude  39*  09'  25.252".    Longitude  122*'  09'  09.261".] 


To  station— 


Foothill. 
Stovall.. 
Webster 


I  !  T  -^ 

Aslmuth.       I  Back  azimuth.  ■     diaSilnce. 


o 

, 

„ 

8 

13 

ia94 

76 

04 

3L94 

330 

04 

3L06 

188  11  45lI0 
255  57  43.23 
150    07    17.91 


Meter: 

4.37564S4 
4.aM7» 

4.10515:: 


BLACKS,  YOLO  COUNTY. 

(Not  occupied.) 

Station  mark :  The  spire  on  church  at  Blacks  station,  or  Zamora,  a 
station  on  the  Southern  Pacific  Railroad. 

[  Latitude  38*  48'  06.340".     Longitude  121»  62'  63.883".! 


To  station— 

Atlmuth. 

Back  a£lmuth. 

I-«f- 

distanee. 

Mesa 

O            /               // 

7    40    1&80 
108    31    33.63 
216    37    0a86 

o         /           // 

187    40    0a06 

288    28    Oa  44 

36    38    04.82 

Meurt. 

3L733CBO 

Curtis 

aasrns 

Blodgett 

Ximvfi 
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BLODOETT,  YOLO   COUNTY. 

A  high  windmill  in  Mr.  Blodgett's  yard,  about  3^  miles  northeast  of 
Zamora  or  Blacks  station,  on  the  Southern  Pacific  Railroad,  and 
about  one-fourth  mile  from  the  edge  of  water  known  as  the  Tule. 
There  are  several  windmills  in  the  vicinity,  but  this  is  the  highest  and 
has  white  cloth  around  the  derrick  just  below  the  platform. 

Signal:  Center  of  derrick. 

Station  mark :  Iron  post  extending  into  ground. 

[  Latitude  38°  49'  38.630".    Longitude  121  *»  51'  25.789*.] 


To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Mesa 

19    04    51.16 
36    38    04.82 
89    29    4a  21 
109    34    14.52 
153    03    53.68 
169    18    51.31 

Of// 

199    03    37.55 
216    37    09.86 
269    25    15.04 
289    28    11.83 
333    01    28.58 
349    17    57.53 

MeierB. 
3.9384519 

Blacks 

3.5492765 

Curtis 

4.0136002 

Gallup 

4. 1700617 

M  umma 

4.0866882 

Smokestack . .  ...... 

4.0466199 

BRICK  HOU8B,  1 

(Not  occi 

rOLO   COUNTY. 

ipied.) 

Station  mark :  The  chimney  on  a  large  brick  house  in  Hungry  Hol- 
low, about  4  miles  north  and  1  mile  east  of  Capay  post-office. 


[  Latitude  38'»  45'  12.757*.    Longitude  122^  01'  28.258']. 

To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Stevens 

e        /          // 
113    53     14.48 
207    29    42.47 
269    S9    30.93 

293    49    33.76 
27    31    3L94 
90    04    34.51 

Mettrs. 
3  9686716 

Curtis 

3  9604774 

Mesa 

4.0685796 

CORBIN,  YOLO   COUNTY. 

On  a  round  prairie  hill  in  the  foothills,  about  3i  miles  southwest  of 
George  Scott^s  residence  and  on  land  owned  by  him,  about  1.5  miles 
west  of  the  Corbin  ranch.  Mr.  Scott's  residence  is  about  3  miles 
south  and  1  mile  west  of  Madison  post-office. 

Signal:  A  lumber  quadripod. 

Station  mark:  An  iron  bench-mark  post  set  40  inches  in  the  ground. 

[  Latitude  38*»  37'  08.41 1*.     Longitude  122*  02'  33.280^.] 


To  sUtion— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Stevens 

O             /                // 

159    38    45.52 
196    27    37.03 
221    38    12.54 
247    23    55.40 
288    09    52.42 
337    37    42.76 

O             /                // 

339    35    45.78 
16    28    39.23 
41    43    56.32 
67    30    50.55 
108    16    15.00 
157    39    4&83 

Meiers. 
4.2998654 

Esparta 

3.9290019 

M(^ : :::.::::: 

4.3007868 

Volo  northwest  base 

4  240fi557 

Scott 

4  1937828 

Winters 

4. 1096763 
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CtTBTlS,  YOLO  COUNTY. 

On  land  of  AI.  Bummerly  used  as  pasture,  about  5  miles  south  d 
Dunnigan.  A  road  leads  from  Dunnigan  to  the  Curtis  resideiice  on 
the  Bermmerly  ranch,  thence  into  the  hills.  Mr.  Curtis  or  anyone  at 
his  ranch  can  give  directions  to  station.  It  is  probably  the  highest 
hill  in  the  vicinity. 

Signal:  A  lumber  quadripod  about  14  feet  high  with  white  and 
black  cloth  on  it. 

Station  mark:  An  iron  bench-mark  post  set  in  the  ground  imder 
center  of  signal. 


[  Latitude  38*  4^  35.365'.    Longitude  121o  58'  33.517']. 


To  station- 


Brick  house 

Roth 

Stevens 

GaUup 

ACumma 

Smokestack. 
Blodgett.... 

Blacks 

Mesa 


Azimuth. 


27  31  31.94 

48  55  33.57 

71  13  44.99 

144  15  51.00 

203  29  25.02 

216  43  44.96 

269  25  15.04 

288  28  00.44 

317  14  25.78 


Back  azimuth. 


207  29 

228  53 

251  08 

324  14 

23  31 

36  47 

80  29 

106  31 

137  17 


42.47 
01.05 
14.50 
16.62 


19.63 
43.21 
33.63 
40.13 


L<«- 


MeUn. 

3L  0604^4 

aseiris 

4.12S3773 
a  7931411 
4.0782451 
4.1391496 
4.0136002 
3.9371732 
4.042729? 


DAVISVILLE,  YOLO   COUNTY. 

(Not  occupied.) 

Station  mark:  Center  of  a  very  high  eucalyptus  tree  with  the  limbs 
cut  off  within  15  feet  of  top,  in  the  town  of  Davis. 


[  Latitude  38*  32*  35.496'.    Longitude  121°  44'  23.477'.] 


To  station— 

Azimuth. 

Back  azimuth. 

diataoce. 

Yolo  southeast  base 

o       .        ,, 

72    30    06.54 
107    03    22.67 

■ 

o           /             «^ 

252    27    52,57 
286    58    25.53 

Meiert, 

3w7373Q0 
4,0815727 

Scott 

DUNNIGAN,  YOLO  COUNTY. 

(Not  occupied.) 

Station  mark:  The  spire  on  church  in  Dunnigan,  a  station  on  the 
Southern  Pacific  Railroad. 


[Latitude  38»  53' 12.688". 

Longitude  121«»  58'  03.530".] 

To  station- 

Azimuth. 

Back  azimuth. 

dlstenoe. 

Stevens 

o         f          fr 

50    39    19.48 
69    07    14.38 
108    31    27.83 
239    59    58.43 
335    25    59.53 

230    33    3a05 
249    05    21.11 
288    23    01.06 
60    03    14.4! 
155    28    55.21 
1 

Mettn. 

4.24Q29S1 
3.fi68(044 

4.311.<i?« 

4.2115660 

Gallup 

Foothill 

Smokestack 

Mesa 

Digitized  by  VjOOQIC 


CALIFORNIA. 


129 


SSPABTA,  YOLO  COUNTY. 

(Not  occupied.) 

Station  mark:  The  pole  in  cupola  on  the  large  school  building  in 
Esparta,  on  branch  line  of  Southern  Pacific  Railroad  from  Elmira  to 
Rumsey. 

[  Latitude  38*»  41'  32.M7'.    LongHode  122*»  OC  53.717'.] 


To  station— 


Corbin. 
Stevens 
Mem... 
Scott... 


Azimuth. 


Baclc  azimuth. 


Log. 
distance. 


o 

/ 

// 

o 

/ 

// 

Meters. 

16 

28 

39.23  i 

106 

27 

37.03 

3.0290010 

138 

30 

21.64  ! 

318 

26 

10.44 

4. 1491683 

238 

01 

00.86  1 

58 

05 

42.62 

4. 1079913 

316 

18 

45.36  1 

136 

24 

06.08 

4.2553407 

PAIRVIBW,  YOLO   COUNTY. 

(Not  occupied.) 

Station  mark:  The  pole  in  cupola  of  Fairview  School,  on  road 
between  Dunnigan  and  Capay,  about  6  or  7  miles  from  Dunnigan. 

(Latitude  38' 49' 55.005".    Longitude  122«  02' 32.789".] 


To  station- 


Azimuth. 


Stevens. 
Gallup.. 


54    36    30.34 
205    45    50.26 


Back  azimuth. 


234    33    29.87 
25    46    45.96 


Log. 
distance. 


Meters. 
3.9300902 
3.6923959 


GALLUP,  YOLO   COUNTY. 

On  a  round  cultivated  hill,  highest  in  vicinity,  about  3  miles  west- 
southwest  of  Dunnigan,  a  small  town  on  the  Southern  Pacific  Rail- 
road. It  is  on  land  of  Mr.  Gallup,  of  Sacramento,  at  present  rented 
by  Mr.  Dubois.  A  buggy  can  be  driven  to  summit,  but  to  do  so  one 
would  have  to  go  through  a  cultivated  field.  A  good  road  from  Dun- 
nigan to  Mr.  Dubois's  residence  must  be  traveled,  but  leave  it  and 
follow  divide  jUst  as  his  residence  comes  into  view. 

Signal :  A  lumber  quadripod. 

Station  mark:  An  iron  post  under  center  of  signal. 

(I-atltude  38«  52'  18.830".    Longitude  122«  01'  03.990".] 


To  station— 


Fal  rvlew 

Stevens '. 

Foothill 

Franldin 

r  ohns 

Vfumma 

^mokestaclc 

Ounnlgan ■      249 

Slodgctt 289 

Hesa 

^'iirtls 


Az 

imuth. 

Back  azimuth. 

Log. 
distance. 

o 

o 

/ 

// 

Meters. 

25 

46 

45.96 

205 

45 

50.26 

3.6923959 

44 

08 

21.90 

224 

04 

25.74 

4.1158360 

118 

25 

01.57 

298 

18 

28.22 

4.2342202 

180 

44 

48.19 

0 

44 

55.09 

4.3063418 

203 

58 

59.45 

24 

00 

48.72 

4.0130554 

234 

42 

25.05 

54 

46 

03.95 

4.0123504 

243 

09 

00.44 

63 

14 

09.70 

4.1237f)03 

249 

05 

21.11 

69 

07 

14.38 

3.66S0244 

289 

28 

11.83 

109 

34 

22. lW 

4.I70O6I7 

319 

44 

34.14 

139 

49 

4.2.3.T0O42 

324 

14 

16.02 

144 

15 

51.00 

3.973149G 
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GREEN,  YOLO   COUNTY. 

(Not  occupied.) 

Station  mark:  Center  of  a  high  windmill  in  grove  of  Mrs.  Green's 
yard,  li  miles  west  and  9  mile^s  south  of  Woodland. 

lI<«tltudo  38°  34'  08.148".    Longitude  121°  48'  13.514".] 

I       Azimuth.  Back  azIiDUth. 


To  station— 


.  Log 


Scott 

Yolo  southeast  base  . 


96    27    56.24 
355    23    08.21 


276    25    21.54 
175    23    17.56  , 


Metn$ 

3  TTvssa 

3.65l»» 


HINES,  YOLO   COUNTY. 

(Not  occupied.) 

Station  mark :  Center  of  a  very  high  eucalyptus  tree  near  Mr.  Hines's 
residence,  one-half  mile  east  of  Plainfield. 

(Latitude  38*»  35'  18.814".    Longitude  121«  47'  44.868".] 


To  station- 


Azimuth. 


Back  arimotb. 


Yolo  southeast  base. 

Scott 

Yolo  northwest  base 


2  50  01.08 
77  17  25.12 
151    43    45.18 


182  49  52.57 
257  14  33.53 
331    41    24.80 


dIstaDOp. 


3.S3S3SS 
3.83G» 

4.05:4SC 


MESA,  YOLO   COUNTY. 

On  a  rolling  prairie  hill  in  Mrs.  Bemmerly's  pasture,  4  miles  west 
and  2  miles  north  of  Yolo,  about  3^  miles  south  of  Blacks  station  and 
1  mile  west  of  Mr.  Morgan's  ranch. 

Signal :  Lumber  quadripod  with  white  and  black  cloth  on  it. 

Station  mark:  An  iron  bench-mark  post  set  34  inches  in  the  ground. 

[Latitude  38°  45'  12.631".    Longitude  121*»  53'  23.281".] 


To  station— 

Azimuth. 

Back  azimuth. 

i          Log. 
distance. 

Corbin 

e         f          ft 

41    43    56.32 
58    05    42.62 
69    15    06.96 
90    04    34.61 
100    38    09.00 
102    37    34.00 
137    17    40.13 
139    49    22.90 
155    28    55.21 
162    03-  29.20 
182    17    28.37 
187    40    00.08 
199    03    37.55 
287    41    39.39 
309    03    31.39 
341    25    49.96 
355    34    48.55 

O             /                // 

221    38    12.54 
238    01    00.86 
249    03    52.16 
209    59    30.93 
280    29    34.59 
282    31    47.35 
317    14    25.78 
319    44    34.14 
335    25    S9.53 
341    58    46.76 
2    17    48.31 
7    40    18.80 
19    04    51.16 
107    44    47.06 
129    07    55.25 
161    27    01.74 
175    35    28.06 

M€Un, 

4.30(i:W 

Esparta 

4.HI7IK3 

Monticello 

4.4465a^ 

Brickhouae  .  .       ..    

4.0685791 

Stevens 

4.31313M 

Roth      

4.1365453 

Curtis 

4,04Zraii 

Gallup  .     .             

4.2SSDe 

Dunnigan 

4.S115M0 

Franklin ; 

4.545Mn 

Smokestack 

4.28ZMn 

Blacks 

3.733031S 

Blodgett '. 

3.998459 

Yolo.   ..     .                  

3.8809C9 

Woodland 

4.1183316 

Yolo  northwest  base 

3.9amo 

Scott 

4.2989374 
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MONTICELLO,  YOLO   COUNTY. 


In  extreme  northeast  corner  of  sec.  4,  T.  9  N.,  R.  3  W.  of  Mount 
Diablo  meridian,  the  highest  summit  of  mountain  range  lying  between 
Sacramento  and  Berryessa  valleys,  about  5  miles  north  of  Monticello, 
in  lower  portion  of  Berryessa  Valley.  May  be  approached  from  this 
town,  from  which  it  is  visible.  Location  known  to  people  in  neigh- 
borhood. The  lower  underground  mark  is  a  metallic  cartridge  placed 
ball  downward  in  a  i-inch  hole,  li  inches  deep,  drilled  in  bottom  of  a 
6-inch  round  hole  1  foot  de^p  excavated  in  sandstone  rock,  the  top  of 
cartridge  being  2.5  feet  below  surface.  Surface  mark  is  a  copper  bolt 
five-eighths  inch  by  5  inches,  with  a  silver  pin  in  it,  set  in  cement  in  a 
hole  in  this  stone.  Bolt  projects  one-fourth  inch  above  stone.  A 
rough  stone  theodolite  pier  was  then  built  to  a  height  of  3.84  feet  and 
capped  with  a  flat  stone  32  inches  square,  31.288  feet  north  and  3.687 
feet  east  of  station;  the  latitude  pier  is  31.413  feet  north  and  8.823 
leet  east  of  station,  and  the  vertical-circle  pier  bears  S.  38°  17'  E. 
(true)  and  is  distant  19.786  meters  from  station. 

(Latitude  SS*  39^  fiO.645".    Longitude  12y>  11'  22.327.] 


To  station- 


Azimuth. 


Back  azimuth. 


Vaca -• I  343  53  24.67 

Mountllelcna I  91  04  27.04 

Diablo I  344  21  34.46 

TamalpalE i  23  32  08.73 

Stevens '  203  03  32.18 

Mesa t  249  03  52.10 

Yolo  northwest  base 266  35  03.73 

Yolo  southeast  base '  293  47  19.46 


o 

, 

„ 

163 

57 

21.54 

270 

47 

50.79 

164 

31 

50.15 

203 

17 

02.14 

23 

06 

03.33 

69 

15 

06.95 

86 

47 

29.67 

114 

01 

55.20 

Log. 
distance. 


Meters. 
4.5220726 
4.5863347 
4.9547254 
4.9517165 
4.1728090 
4.4455587 
4.4610020 
4.5700650 


MUMMA,    YOLO   COUNTY. 


About  5  miles  northeast  of  Dunnigan,  a  station  on  the  Southern 
Pacific  Railroad,  on  the  very  flat  ground  about  100  feet  south  of  the 
Yolo-Colusa  county  line  and  very  near  the  overflow  country  known 
as  The  Tule.  It  is  about  one-fourth  mile  southeast  from  Thomas 
Mumma^s  residence,  which  is  in  Colusa  County.  The  land  on  which 
it  stands  is  not  fenced,  and  a  buggy  can  be  driven  to  it. 

Signal:  A  lumber  quadripod  about  16  feet  high.  To  reach  signal 
from  Dunnigan,  go  north  to  county  line,  thence  east  to  point. 

Station  mark:  An  iron  bench-mark  post  set  in  the  ground  under 
center  of  signal. 

{Latitude  38*»  55'  35.451".     Longitude  121°  55'  15.382".] 


To  station- 


Azimuth. 


Bacic  azimuth. 


Curtis 1  23  31  29.38' 

Oallup 54  46  03.95 

Smokestack 269  02  39.88, 

Blodgett I  333  01  2a  58 

Bull.  310-07 10 


203  29  25.02 

234  42  25.05 

89  04  10.29 

153  03  52.  G8 


Log. 
distance. 


Meters. 
4. 0782451 
4. 0123504 
3.5390159 
4.080«>882 
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ROTH,    YOLO   COUNTY. 

(Not  occupied.) 

Station  mark:  The  chimney  on  Mr.  Roth's  residence,  5  miles  north 
of  Capay,  on  the  Capay-Dunnigan  road. 

[Latitude  38*  46'  4a  244".    Longitude  122°  02'  36.909".  ] 

I  [  ^^ 

To  station—  Azimuth.  Back  aidmuth. 


Stevens 96    36    04.65 

Curtis 228    53    01.05. 

Mesa 282    31    47.35, 


276  32  06l77 
48  55  3157 
102    37    34.00 


Log. 
<bstanep. 


Mf'erf. 

issirj; 

4.1365453 


SCOTT,    YOLO   COUNTY. 

On  a  low  prairie  hill  with  a  lone  locust  tree  on  it.     The  land  i* 
sometimes  used  for  grain,  but  it  is  a  pasture  at  present.     It  is  three- 
fourths  mile  west  of  Isaac  Quinn's  residence,  which  is  3  miles  west 
and  1  mile  south  of  Plainfield.     Land  is  owned  by  George  Scott. 
Signal :  A  lumber  quadripod  with  a  black  cloth  on  itT 
Station  mark:  An  iron  bench-mark  post  set  30  inches  in  the  ground. 

[Latitude  38P  34'  30. 006".    Longitude  121°  52'  20.020".] 


To  station- 


Winters 

Corbin I 

Stevens I 

Esparta I 

Mesa 

Yolo  northwest  base I      186 

Woodland 

Woodland  high  school '      219 

Hines 

Green 

Davis\ille 

Yolo  southeast  base 


Azimuth. 

Back  azimuth. 

Log 
distance. 

o 

/ 

/.      i 

Jtfrtfn. 

54 

50 

ia74  1 

234 

46 

02.62  ) 

4.(kN5t«aB 

108 

16 

15.00  1 

288 

09 

62.42 

4.I93TS2* 

137 

21 

53.96 

317 

12 

31.02  , 

4.3K4C5 

136 

24 

06.08 

316 

18 

4^36 

4.-25>14'T 

175 

35 

28.08  , 

355 

34 

4&55  ' 

4.2»C2:4 

186 

08 

37.82 

6 

09 

0a95 

4.0g5MN 

216 

55 

ia58  ' 

36 

58 

57.43 

4.15Se«l 

219 

58 

4a20  1 

40 

02 

32.35 

4.12S7S 

257 

14 

33.63 

77 

17 

2&12  ' 

aSM2S» 

276 

25 

2L54 

96 

27 

55.24 

arrv^sj* 

286 

58 

25.53 

107 

03 

22.57 

4uff^i3:r 

309 

13 

6a  56 

129 

16 

42.54 

a  9126a* 

STEVENS,    YOLO   COUNTY. 

On  high  point  in  Mr.  Stevens's  pasture,  the  highest  bald  point  on 
the  ridge  in  the  range  of  hills  between  the  Capay  Valley  and  Ilun^r 
Hollow.  To  reach  station,  follow  the  Capay-Dunnigan  road  to  Mr. 
Roth's  residence,  5  miles  from  the  Capay  post-ofBce,  thence  west  1 
mile  to  Mr.  Scheller's  ranch,  from  which  there  is  a  good  road  uphill 
to  the  signal.  The  road  is  very  steep  3i  or  4  miles  from  Mr.  Schel- 
ler's to  signal. 

Signal :  An  oak  tree  set  in  ground.. 
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Station  mark:  An  iron  bench-mark  post  set  in  ground  by  side  of 
tree. 

ILatitude  38*  47'  14.791".    Longitude  122**  07'  20.733".] 


To  station— 


MonticcUo 

Franklin 

Gallup , 

Smolcestack 

Curtifl 

Mesa 

Yolo  northwest  base 
Yolo  southeast  base. 

Scott 

Corbin 


Aslmuth. 


Back  azimuth. 


Log. 
distance. 


23 
197 
224 
233 
251 
280 
297 
315 
317 
339 


03.33 
05.45 
25.74 

oai6 

14.50 
24.59 
1&55 
3a  12 
3L02 
4&78 


o 

, 

„ 

Meters. 

203 

03 

32.18 

4.1728090 

17 

32 

oao4 

4.4821667 

44 

08 

2L96 

4.1158360 

53 

49 

05.50 

4.4148425 

71 

13 

44  99 

4.1283773 

100 

38 

oaoo 

4. 3131381 

117 

41 

12.32 

4.  4141826 

135 

45 

42.12 

4.6043066 

137 

21 

53.96 

4.5064425 

159 

38 

45.52 

4.2998654 

WINDMILL,    YOLO    COUNTY. 

(Not  occupied.) 

Station  mark:  Center  of  windmill  about  l\  miles  south-southwest 
of  Yolo  northwest  base,  Coast  and  Geodetic  Survey  monument. 

[Latitude  38*»  39'  51.679".     Longitude  121°  sr  07.336".] 


To  station- 

Azimuth.           Back  azimuth. 

Log. 
distance. 

Scott 

1    46    22.74 
31     13    34.82 

0            /               // 

181    46    14.82 
211    09    ia54 

Meters. 
a9966663 

W  intcis 

4.2967123 

WINTERS,    YOLO   COUNTY. 

On  a  prominent  bald  hill  with  large  oak  tree  near  the  northwest 
end  of  it,  about  1  mile  southwest  of  Winters,  on  Southern  Pacific 
Railroad  from  Elmira  to  Rumsey. 

Signal:  A  quadripod  with  white  and  black  cloth  on  it. 

Station  mark:  An  iron  bench-mark  post  set  40  inches  in  the  ground. 

[Latitude  SS**  SO'  42.303".     Longitude  121°  59'  11.054".] 


To  station- 


Azimuth. 


Backaximuth.  |     jjL^^_ 


°  '  "I       o  /  t*     \  Meters 

Corbin \      157  39  4&83.  337  37  42.76,  4.1096763 

Yolo  northwest  base '      211  01  37.33  I        31  06  25.84  |  4.3362415 

FOOtt ,      234  46  02.62           54  50  18. 74  i  4.0856900 
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WINTERS  SCHOOL,  YOLO  COUNTY. 

(Not  occupied.) 

Station  mark :  The  pole  in  cupola  on  large  school  building  at  Win- 
ters, a  town  on  the  Elmira-Rumsey  branch  of  the  Southern  Pacific 
Railroad. 

[Latitude  38«»  31'  22.293*.    Longitude  121  °  58'  22.572'.] 


To  station— 

Azimuth. 

BaclcazimuUi.    '     ^^^^ 

Corbin 

O             f               *f 

150    23    44.84 
236    34    21.95 

330    21    08.53  1           lOMOa 

Scott 

56    38    07.80  t           4.0218366 

1 

WOODLAND   CITY    HALL,   YOLO   COUNTY. 

(Not  occupi©d.) 
Station  mark:  The  steeple  on  the  city  hall  in  Woodland. 

[I^ititude  38"  40'  43.970*.    Longitude  121*  46'  2l.428'.l 


To  station- 

Azimuth. 

O             f               ft 

36    68    57.43 
90    13    32.13 
129    07    55.25 

Back  azimuth. 

Log. 

dlstaisoe>. 

Scott  

o           »              «/ 

216    55    13.58 
270    10    20.19 
309    03    31.39 

Mtitn. 

4.13SSW 

Yolo  northwest  base 

S-RTOfir*^ 

Mesa 

4.11SSXU 

WOODLAND   HIGH   SCHOOL,    YOLO   COUNTY. 

(Not  occupied.) 

Station  mark:  The  pole  in  cupola  on  the  Woodland  high  school, 
about  1  mile  south  of  the  center  of  the  town. 

[Latitude  38"  40'  04.132".    Longitude  121°  46'  22.512*.] 


To  station- 


Scott 

Yolo  northwest  base 
Mesa 


Azimuth. 

o 

/ 

,, 

40 
99 
133 

02 
38 
07 

32.35 
53.68 
30.01 

Back  azimuth. 


Log. 
distancr. 


I 


Meun. 

219    58    49.20  4-iaKr7> 

279    35    42.44  I  3.rsrM 

313    03    06.85  4.143a»l 


YOLO,    YOLO   COUNTY. 

(Not  occupied.) 

Station  mark:  The  steeple  on  the  white  church  in  Yolo,  a  town  on 
the  Southern  Pacific  Railroad. 

[Latitude  38"  43'  57.487*.     Longituda  121*  48'  23.410*.] 


To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distaoeeu 

Yolo  northwest  base 

36    59    38.45 
107    44    47.06 

216    57    42.68 
287    41    39.39 

MtUrt. 

3.8714^ 

Mesa 

3.8BMK^ 
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YOLO   NORTHWEST  BASE,   YOLO   COUNTY. 

In  the  SE.  J  sec.  28,  T.  10  N.,  R.  1  E.,  Mount  Diablo  meridian,  4J 
miles  west  of  the  railroad  passing  through  Woodland,  and  immedi- 
ately on  the  north  side  of  county  road  nmning  west  toward  Madison 
and  Capay  Valley. 

Station  mark:  A  needle  hole  in  a  German-silver  plug  in  a  copper 
bolt  in  top  of  a  granite  block  35  inches  long  by  20  inches  square  at  the 
base  and  drest  to  12  inches  square  at  the  top,  having  letters  *'U.  S. 
C.  &  G.  S."  deeply  cut  on  it.  The  top  of  the  brick  is  4 J  feet  below  the 
surface  and  a  glass  hemisphere  is  placed  over  thie  copper  bolt.  The 
surface  mark  is  a  fine  needle  hole  in  a  copper  bolt  set  in  lead  on  top 
of  a  granite  block  25  inches  square  by  26  inches  deep,  having  the 
letters  ^'U.  S.  C.  S.  S.  E.  Yolo  base"  cut  on  it.  Top  of  block  is 
even  with  surface  of  ground  and  block  itself  is  in  center  of  a  solid 
brickwork  pier,  having  a  base  of  70  inches  square  at  a  depth  of  50 
inches  below  surface,  battering  to  54  inches  square  at  surface.  This 
brickwork  was  carried  to  a  height  of  33}  feet  above  surface  and 
capped  with  a  granite  slab  40  inches  square  by  8  inches  thick  with  a 
l}-inch  hole  in  the  center.  Charcoal  and  charcoal  dust  were  mixt 
with  the  earth  in  filling  around  the  subsurface  part  of  the  structure. 

No  reference  marks. 


[Latitude  38°  40'  44.806*'.    Longitude  121  <>  51'  28.553'.] 

To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Yolo  southeast  base 

343    05    07.93 
3    09    32.63 

30  25    42.34 
6    09    09.95 

31  06    25.94 
67    30    50.65 
86    47    29.67 

117    41     12.32 
161    27    01.74 
216    57    42.68 
270    10    20.19 
279    35    42.44 

O             /                // 

163    07    18.98 
183    07    28.85 

210  17    15.66 
186    08    37.82 

211  01    37.33 
247    23    55.40 
266    35    03.73 
297    31    16.55 
341    25    49.98 

36    59    38.45 
90    13    32.13 
99    38    53.68 

Meters. 
4  2427032 

Diablo 

4.9474512 

Vaca 

4  5909077 

Scott 

4.0053494 

Winters: 

4.3362415 

Corbin 

4.240G557 

Montioelio 

4.4610020 

Stevens 

4.4141826 

Mesa 

3.9399342 

Yolo 

3.8714131 

Woodland  city  hall 

3.8706276 

Woodland  high  school 

3.8752754 

YOLO  SOUTHEAST  BASE,  YOLO  COUNTY. 

I 

In  the  NW.  }  sec.  19,  T.  8  N.,  R.  2  E.,  Mount  Diablo  meridian.  3J 
miles  west  and  1 J  miles  south  of  Davisville  and  about  25  meters  from 
the  left  bank  of  Putah  Creek. 

Station  mark:  Same  as  Yolo  northwest  base,  viz,  needle  hole  in 
german-silver  plug  in  copper  in  granite  block  4i  feet  below  surface, 
with  another  needle  hole  in  a  copper  bolt  in  lead  in  a  granite  block 
even  with  ground,  in  center  of  a  brick  pier  extending  to  a  height  of  33  J 
feet  above  ground,  capped  by  a  granite  block. 

Reference  marks:  Four  marks  were  set,  consisting  of  granite  blocks 
1  foot  square  and  1}  feet  high,  with  copper  bolts  and  drill  holes  on 
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top,  incased  in  brickwork  18  inches  below  surface.  Two  were  in  line 
to  the  Yolo  northwest  base  at  a  distance  of  18  feet  11|V  inches  and 
327  feet  10  inches  from  the  center,  and  two  were  in  line  -at  right 
angles  thereto  eastward  at  a  distance  of  20  feet  five-eighths  of  an  inch 
and  328  feet  5f^y  inches  from  the  center. 

[Latitude  38*  41'  42.185".    Longitude  121*  47'  58.18".] 


To  station- 


Azimuth. 


Baclc  azimuth. 


Vaca ;  65  49  13.77  i  235  38  37.32 

Diablo I  7  56  54.66  187  52  4L08 

Montlcello 114  01  55.20  293  47  19.''46 

Scott 129  16  42.54  1  309  13  59.56 

Stevens I  135  45  42.12  315  33  36.12 

Yolo  northwest  base '  163  07  18.98  1  343  05  07.93 

Green !  175  23  17.56,  355  23  08.21 

Hines 182  49  52.57  !  2  50  01.06 

Davisvllle I  252  27  52.57  i  T2  30  06.54 


Log. 
distanv. 


4.477SEf 

4.5rte6» 

3. 91362* 

4.eo4ao^ 

4.2427032 
3.65468K 
3.S2S2S33 

3.7373138 


MARIPOSA    AND   TUOLUMNE   COUNTIES. 
T08EMITS  8FE0IAL  aTTAORAHOLE. 

For  the  control  of  this  special  quadrangle  Charles  F.  Urquhart. 
topographer,  extended  triangulation  control  from  Pilot  Peak  and 
Devil  Peak  in  1905.  Twelve  stations,  controUing  an  area  of  1(X) 
square  miles,  were  located  on  the  United  States  standard  datum. 


CLOUDS   REST,  MARIPOSA   COUNTY. 

On  the  highest  point  of  Clouds  Rest,  a  well-known  mountain  at  the 
northeast  comer  of  the  Yosemite  State  Park.  There  is  a  good  trail 
from  the  Yosemite  Valley  to  the  summit  of  the  mountain.  Animals 
can  be  taken  within  200  feet  (elevation)  of  top. 

Signal:  A  cairn  5  feet  high,  built  of  large,  flat  rocks. 

Station  mark:  A  copper  bolt  set  in  rock  very  near  and  west  of 
cairn. 

[Latitude  37''  46'  .05.58".    Longitude  1 19°  29'  18.90*.] 


To  station— 

1 
Azimuth. 

Back  aximath. 

199    03    04.76  ' 
219    51    32.29 

239  17    50.94 

240  57    23. 16 
257    34    59.80  , 
261    56    19.84 
287    05    27.«2 

1 

^  Log. 

Starr  King 

o           r 

19    04 
40    00 
59    21 
61    00 
77    39 
82    00 
107    11 

06.99 
43.66 
29.37 
29.03 
36.31 
09.13 
17.36 

Mttert. 

3.8&aS31 

Devil  PcHk 

Sentinel  Dome... 
Glacier  Point 

4,SJS1»^ 

3-ftSM8> 
3-aSt3fflB 

Eagle 

4.Q53:2K 

Yosemite  Point.. 

3.9»se5 

Fiat      ..     ..                                

4.16444C 
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DEVIL  PEAK,  MARIPOSA   COUNTY. 

At  the  southeast  end  of  a  short,  sharp  ridge,  9  miles  southwest  of 
Wawona  Park,  bare  on  top  and  covered  with  loose  rock.  Ascended 
by  wagon  road  from  Wawona.  Nearest  camping  place  is  IJ  miles 
northeast  of  summit. 

Station  mark:  A  cairn  4  feet  in  diameter  at  the  base,  4 J  feet  high, 
on  site  of  old  monument,  5.6  feet  west  of  *'U.  S.  G.  S.^'  chiseled  on 
rock  (Crquhart,  1905).  Cairn  could  not  be  found,  but  rock  with 
*'U.  S.  G.  S."  was  found,  and  point  used  was  within  2  or  3  feet  of  old 
point. 

[Latitude  37°  31'  40.79".     Ivongitudo  119*'  44'  23.09".] 


To  station - 


Aximuth. 


Back  azimuth. 


Log. 
distance. 


Cottonwood '  180  37  19.70 

HofTman 209  50  37.08 

Conness 217  07  08.88 

Claries  iVak 1  235  55  55.04 

Rod 244  35  09. 78 

Kaiw^r 297  47  02.53 

BipShutovo 305  41  47.10 

Bullion  Mount 90  31  08.21 

Pilot 140  Zi  49.18 

Flat 194  51  35.15 

CloudsRest 219  51  32.29 


00  37  31.81 

29  59  03.70 

37  22  32.54 

50  07  20.30 

04  47  10.70 

118  07  10.04 

125  53  10.71 


320 
14 
40 


10  39.03 
54  50.19 
00  43.00 


Meters. 
4.G445404 
4.0092431 
4.7855484 
4.5212361 
4.5097490 
4.7451616 
4.5325137 
4.4740000 
4.4928478 
4.5030993 
4.5381966 


DKWEY,  MARIPOSA    COUNTY. 

On  the  bluff  overlooking  the  Yosemite  Valley,  on  south  side  of  the 
valley  and  west  of  Bridal  Veil  Creek.  It  can  be  reached  by  trail 
either  from  Glacier  Point  or  Fort  Monroe.  Distance  from  Fort 
Monroe  to  station  is  about  4  miles.     Trail  is  known  as  Pohono  trail. 

Signal:  A  small  fir  tree  placed  in  a  crack  in  the  rock  with  rock 
piled  around  its  base. 

Station  mark:  A  triangulation  tablet  cemented  in  rock  at  the  foot 
of  tree. 

[Latitude  37°  42^  10.03".     Longitude  1 19"  39^  00.31".] 


Azimuth. 


Back  azimuth. 


ElCapitan I      201    24    41.54 

Eagle !      215    33    40.07 

Sentinel  Dome i      250    37    44.55 


21 
35 
70 


25  14.24 
35  03.79  I 
40  14.00  I 


Log. 
distance. 


Meters. 
3.5544804 
3. 7572906 
3.8039652 


EAGLE,  MARIPOSA    COUNTY. 

On  the  summit  of  Eagle  Peak,  a  well-known  point  on  the  north  side 
of  Yosemite  Valley.  There  is  a  good  trail  known  as  the  Yosemite 
Point  and  Eagle  Peak  trail  from  the  valley  to  station. 

Signal :  An  iron  rod  about  4  feet  high  set  in  rock.  It  is  necessary 
to  have  a  flag  of  some  kind  on  rod. 
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Station  mark:  A  triangulation  tablet  cemented  in  rock  at  foot 
of  rod. 

[Latitude  37*»  44'  46.90".    Longitude  119°  36'  50.46".] 


To  station— 


AEimuth. 


Back  azimuth. 


r 


Dewey 35  35  03.79 

ElCapltan I  56  55  46.25 

Yoiemite  Point 239  01  46.76 

CloudBReflt 257  34  50.80 

Valley '  275  40  32.04 

Glacier  Point i  295  05  15.94 

Sentinel  Dome i  313  28  34.14 


215  33  40.67 

236  54  55.83 

59  02  33.99 

77  39  36.31 

95  41  26.92 

115  06  46.50 

133  29  41.12 


distance. 


MeUrt. 

3.: 

3.34SSK 
4.0S3T2W 
3.343^eN 
S.  6021161. 
3.56J421S 


EL   CAPITAN,    MARIPOSA   COUNTY. 


(Not  occupied.) 

On  the  highest  point  of  El  Capitan,  nearest  the  bluff.     The  Eagle 
Peak  trail  continues  on  to  this  mountain. 
Station  mark :  A  cairn  on  highest  point. 


[Latitude  37"  44'  04.28". 
To  station- 

Longitude  119-  38'  12.86".] 

Azimuth.           Bark  azimuth. 

.  Log- 
distance. 

Eagle 

236    54    55.83           56    55    46.25 
284    37    43.60         104    39    40.99  ' 
21     25    14.24         201    24    4L54 

3. 38l.w: 

Sentinel  Dome 

3.esti23i-' 

Dewey 

3u55448M 

FLAT,    MARIPOSA    COUNTY. 

On  the  summit  of  a  flat-topt  rocky  peak  at  the  source  of  West 
Fork  of  Yosemite  Creek  and  about  5  miles  from  junction  of  Eagle 
Peak  and  Yosemite  Point  trails.  There  is  no  trail  at  this  point,  but 
animals  can  be  taken  to  foot  of  peak.  The  south  side  is  probably  the 
easiest  to  climb.     About  300  feet  inaccessible  for  animals. 

Signal :  A  cairn  with  dead  tree  inside  of  it. 

Station  mark:  A  triangulation  tablet  set  in  rock  under  the  caim. 

(Latitude  37°  48'  25.17".    Longitude  1 19*  38'  49.20"] 


Devil  Peak 

Pilot 

Clouds  Rest 

StarrKing 315    03 

Yosemite  Point 

Sentinel  Dome ' 

I 


Azimuth. 

Back  azimuth. 

di«UzKie. 

0             f                ft 

o          / 

f 

ifetrr*. 

14    54    59.19 

194    51 

35.15 

4.5J3m5 

79    10    59.75 

259    00 

24.24 

4. 41241> 

287    05    27.92 

107    11 

17.36 

4.16444r 

315    03    17.42 

135    08 

04.33 

4.210RSr4 

319    24    08. 84  , 

130    26 

08.84 

3.8673513 

328    54    57.80 

148    57 

17.54 

4.0$4»P: 

(.LACIER    POINT,    MARIPOSA    COUNTY. 


At  the  east  end  of  iron  railing  at  Glacier  Point,  a  well-known  point 
on  the  south  side  of  Yosemite  Valley.  There  is  a  good  trail  known  as 
the  Glacier  Point  trail  from  the  valley  to  the  station. 
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Signal :  A  pole  about  25  feet  high  set  in  rock. 
Station  mark:  A  triangulation  tablet  set  in  rock. 

[Latitude  37*'  43'  51.85".     l^ngitudo  1 19"  34'  22.50".] 


To  Atation- 


Azimuth. 


Eagle i  115  06  46.50 

VaRey ■  136  00  48.03 

Yo»?mite  I'olnt !  148  30  53.24 

rioudsRest 240  57  23.16 


Back  azimuth. 


295 

316 

328 

61 


15.94 
12.34 
09.89 
29.03 


Log. 
distance. 


Meters. 
3.6021166 
3. 3128510 
3.5210068 
3.9293950 


PILOT    PEAK.    MARIPO.SA    AND   TUOLITMNK    ('OUNTIES. 

On  boundary  of  Mariposa  and  Tuolumne  counties.  Rose's  ranch  is 
2.0  miles  east. 

Station  mark:  A  new  cairn  with  tree  in  it  was  built  and  the  greater 
portion  of  brush  cut.  Triangulation  tablet  set  in  loose  rock  and  a 
flat  rock  with  a  cross  cut  on  it  placed  immediately  over  it.  The  tree 
in  center  of  cairn  is  over  center  of  cross. 


[Latitude  37°  45'  4<k57". 
To  station- 

Longitude  119°  .56'  06.42".] 

1        Azimuth. 

0            /               // 

259    00    24.24 
..       277    56    30.06 

Baclc  azimuth. 

e         /           tr 

79    10    50.75 
98    09    24.64 
146    23    40.18 
277    38    19.00 
324    39    25.00 

Log. 
distance. 

Flat 

Spntlnel  Dome . 

Meteri. 
4. 4124128 
4.4953083 

Devil  PeaJc 

326    16    39.63 

4.4928478 

Moccasin  Pealc.. 

97    52    44.00 

4.5424939 

Big  Canyon . 

..1       144    46    11.00 

4.4473833 

8ENTIXEL   DOME,    MARIPOSA   COUNTY. 


On  the  summit  of  Sentinel  Dome,  a  well-known  peak  on  the  south 
side  of  Yosemite  Valley.  The  Glacier  Point  trail  continues  south  and 
west  along  the  bluff  to  Fort  Monro'fe.  This  trail  passes  Sentinel  Dome 
about  1  mile  from  Glacier  Point  Hotel. 

Signal:  The  trunk  of  a  tree  with  large  spreading  top. 

Station  mark:  A  triangulation  tablet  set  in  rock  under  center  of 
signal  tree.     The  tree  stands  above  anything  else  on  mountain. 

[Latitude  37'  43'  24.46".     Longitude  1 19'  35'  01.02".] 


To  station— 

Azimuth.        ' 

Baclc 

azimuth. 

37    44.55 
56    30.06 
37    43.60 
28    34.14 
54    57.80 
51     15. 89 
21    29.37 
49    54.39 

Log. 
distance. 

Dewey 

Pilot 

El  Capitan 

o 

70 
98 
104 
133 
148 
167 
239 
290 

40 
09 
39 
29 
57 
51 
17 
47 

14.60  ' 
24.64 
40.99  { 
41.12  1 
17.54  [ 
,35.  m  \ 
59.94 
27.31 

o 

250 
277 
284 
313 
328 
347 
59 
110 

Meters. 
3.8039652 
4.4953083 
3. 68*i23l2 

Eagle 

Flat 

Yo5»pmite  l*oint 

3.  5074215 
4.0343607 
3. 57.V)603 

Clouds  Rest 

3.9884838 

Starr  King 

3.  7993t»31 
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STARR   KING,    MARIPOSA   COUNTY. 

(Not  occupied.) 

Station  is  on  highest  point  of  Mount  Starr  King,  a  well-known 
mountain  on  the  southeast  side  of  Yosemite  Valley.  Very  diflBcull  to 
climb. 

Station  mark :  Caim  on  the  summit. 


ri>>titude  37^  ^  \\M'\    Longitude  119'  31"  00.58"^] 


To  station- 


Sentinel  Dome . 

Flat 

Clouds  Rest . . . 


Azimuth.       I   Back  azimuth. 


difluncc 


110    40    5439  I      290    47    27.31  3.7983631 

135    08    04.35  ,      315    03    17.42  ,         4.2108^:4 
199    03    04.76  19    04    06.90  ,         3.8Sn» 


VALLEY.  MARIPOSA   COUNTY. 

In  the  Yosemite  Valley,  on  the  north  side  of  junction  of  roads  to 
Camp  Yosemite  and  Mirror  Lake  and  about  50  yards  from  bridge 
over  Merced  River,  near  the  Sentinel  Hotel.  Signal  is  a  4  by  4  inch 
post  set  in  ground,  with  signboard  pointing  to  Mirror  Lake  on  it. 
Another  board  at  right  angles  to  signboard  and  post. 

Station  mark:  A  concrete  pier  2 J  feet  high,  20  by  20  inches  At 
base,  12  by  12  inches  at  top,  in  the  top  of  which  was  placed  an  alumi- 
num plug  marked  "  A  U.  S.  G.  S.  B.  M.,"  over  which  was  placed  an 
aluminum  plate,  one-half  inch  thick  by  4  J  inches  wide,  7  inches  long. 
engraved  as  follows : 

U.  S.  Geological  Survey, 

Charles  D.  Walcott,  Director, 

Latitude  ZT  W  W 

Longitude  U^  36^  21^' 

Elevation  above  sea,  3,960  feet, 

1095. 

[Latitude,  37°  44'  39.81".    Longitude,  119»  35^  20.80".] 


To  station- 


Eagle. 
Yosemite  Point. 


Azimuth.       I  Baclc  azimuth.   '     di^Sise. 


Glacier  Point i      316    00    12.34        136    00    4&03  3.31285» 


o 

, 

^, 

95 

41 

26.92 

167 

13 

43.08 

316 

00 

12.34 

Mean. 

275    40    32.04  3.343SV4 

847    13    3&.42  i  3.1417S1 


YOSEMITE   POINT,  MARIPOSA   COUNTY. 


At  the  west  end  of  iron  railing  on  Yosemite  Point,  a  well-known 
point  overlooking  Yosemite  Valley.  There  is  a  good  trail  known  as 
the  Yosemite  Point  and  Eagle  Peak  trail  to  station.  The  pK)le  is  not 
straight,  so  the  part  at  top  of  raiUng  was  sighted. 
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Station  mark:  A  triangulation  tablet  cemented  in  rock  at  foot  of 
pole. 

iLatitdde,  37«  45'  23.65".    Longitude,  119*»  36'  33.81".] 


To  station- 


EaglG 

Flat 

Clouds  Re«t 

Olacier  Point 

Valley |      347 

Sentinel  Dome 


Azimuth. 

Back  azimuth. 

Log. 
distance. 

o 

/ 

/, 

o 

/ 

// 

Meters. 

50 

02 

33.  go 

239 

01 

46.76 

3.3428996 

139 

26 

06.84 

319 

24 

08.84 

3.8673813 

261 

56 

19.84 

82 

00 

09.13 

3.9663926 

328 

30 

09.80 

148 

30 

53.24 

3.6210068 

347 

13 

36.42 

167 

13 

43.08 

3.1417263 

347 

61 

16.89 

167 

61 

35.66 

3.6760603 

CAIilFORXIA-XEVADA. 

TRIANGULATION    STATIONS. 


ESMERALDA   AND   NYE    COUNTIES,  NEV.;    INYO   COUNTY,  CAL. 
AXARGOBA  BSOIOH. 

During  the  field  season  of  1905-6  triangulation  control  was  extended 
over  a  lai^e  part  of  southern  Nye  County,  Nev.,  and  a  small  area 
adjacent  to  Death  Valley,  in  Inyo  County,  Cal.,  by  R.  H.  Chapman  and 
B.  D.  Stewart,  topographers.  The  work  was  more  of  a  reconnais- 
sance than  a  standard  nature  and  was  done  in  connection  with  topo- 
graphic surveys,  which  were  carried  on  rapidly.  The  foresights  were 
made  to  the  natural  points  selected,  and  signals  were  erected  when 
the  points  were  occupied  for  observations.  The  stations  were  marked 
and  signals  erected  according  to  regulations  of  the  Survey.  The 
instruments  used  were  the  standard  8-inch  theodolites  reading  to  2 
seconds  of  arc. 

The  scheme  was  carried  forward  from  the  line  Lone  Mountain- 
Montezuma,  the  first  a  primary  and  the  second  a  secondary  or  ter- 
tiary point  of  the  United  States  Coast  and  Geodetic  Survey.  The 
value  of  this  base  is  taken  from  finally  adjusted  figures  in  the  scheme 
brought  from  points  in  California  during  1905  by  Mr.  Urquhart. 
The  initial  position  is  that  given  for  Lone  Mountain  by  the  Coast 
Survey,  and  is  on  the  United  States  standard  datum. 

Figures  were  extended  about  1J°  eastward  from  Lone  Mountain 
and  tied  to"  the  secondary  Coast  Survey  point  Kawich,  which  was 
occupied,  and  by  long,  unclosed  sights  to  the  primary  point  White 
Pine. 

From  these  figures  the  scheme  was  carried  southward  to  the  Death 
Valley  region  and  tied  to  triangulation  points  Grape  and  Nye,  estab- 
lished by  the  Coast  Siuv^ey  in  connection  with  the  survey  of  the 
Nevada-CaUfomia  oblique  boundary. 

In  all  cases  the  preliminary  positions,  azimuths,  and  distances 
agreed  so  closely  with  those  given  by  the  Coast  Survey  that  no  figure 
adjustment  was  made,   it  being  considered   that   the  preliminary 
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methods  of  field  work  and  the  small  differences  found  did  not  war- 
rant the  labor  of  the  operation. 

In  connection  with  the  general  scheme  small  areas  were  controlled 
by  local  triangulation  at  Goldfield  and  Bullfrog. 

A  list  of  points  and  positions  at  check  points  is  appended. 


BOUNDARY,  INYO   COUNTY,  CAL. 

On  highest  of  group  of  summits  in  lower  Grapevine  Mountains,  about 
10  miles  west  of  Rose's  Well,  on  the  Bullfrog-Las  Vegas  road  20  miles 
southwest  of  Bullfrog,  1  mile  southeast  of  Chloride  Cliff,  and  5  miles 
from  Keane  Springs.  Can  be  easily  reached  from  any  of  above  points 
with  pack  animals. 

Station  mark:  A  bronze  triangulation  tablet  in  solid  rock  under 
center  of  a  cairn  7  feet  high. 

[Latitude  36<»  41'  36.45".    Longitude,  116"  51'  48.47".]    • 


To  station- 


Tin 

Grape... 

Bare 

Cane 

Furnace 


Arim 

nth. 

Back  azimuth,  i 

Log. 
disUnop. 

o 

/ 

,f 

0            f          /r 

Mftert, 

112 

17 

55 

291    56    39 

4.7562& 

139 

54 

35 

319    44    18 

4-5e« 

216 

03 

58 

36    09    36 

4-373H 

261 

16 

06 

81     40    46 

4,79303 

325 

56 

36 

146    04    36 

4.60596 

DEATH.  INYO   COUNTY.   CAL. 

Westernmost  and  highest  of  group  of  bare  rounded  summits  south 
and  east  of  Bullfrog-Ballarat  wagon  road.  About  15  miles  north 
of  west  of  Furnace  Creek  ranch,  10  miles  southwest  of  Salt  Creek. 
and  10  miles  northeast  of  Emigrant  Spring,  on  wagon  road  just 
mentioned.  The  peak  is  locally  knouTi  as  Tucki  or  Sheep  Moun- 
tain. It  is  easily  ascended  by  taking  trail  east  over  ridge  0.25  mile 
north  of  Emigrant  Spring  to  divide  toward  Death  Valley,  thence 
northwest  about  4  miles. 

Station  mark :  A  bronze  triangulation  tablet  cemented  in  block  of 
stone  16  by  14  by  .10  inches,  imder  a  small  heap  of  stones  and  flag- 
staff 9  feet  high. 

[Latitude  36'  30^  00.61".    Longitude  ll?"  07'  47.28".] 


To  station— 

Azimuth. 

0             /          ff 

145    57    07 

t            178    03    37 

222    49    03 

1 
Back  azimuth.   ' 

Log 
distance. 

Tin 

G  rape 

Bare 

O           r         ft 

325    45    14 

358    02    54  . 

43    04    13 

Metert 

4.ne3 

4.713C 
4.744M 
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PUKNACE,  INYO   COUNTY,  OAL. 

(Not  occupied.) 

A  high,  rocky  peak,  southernmost  in  Amargosa  Range,  about  15 
miles  east  of  Furnace  Creek  ranch  (Death  Valley),  6  miles  west- 
southwest  of  Lee's  well,  and  10  miles  northwest  of  Franklin  well, 
Amargosa  Desert.  Local  name^  Pyramid  Peak.  It  was  ascended 
on  foot  from  the  southeast. 

Station  mark:  A  bronze  triangulation  tablet  set  in  slab  of  black 
limestone  and  surmoimted  by  cylindrical  cairn  7.5  feet  high  and  5 
feet  in  diameter. 

Reference  marks:  Cross  cut  in  solid  rock  about  20  feet  southwest, 
cross  cut  in  6olid  rock  about  30  feet  north. 


[Latitude  36»  23'  32. 15".    Longitude  116*  36'  42. 09".] 
To  station— 


I 


Azimuth. 


BackMlmuth.  |     j,L^_ 


Botindary 146    04    36 

Bare 170    51    48 

Timber >  189    52    34 


325  55  36 

350  48  24 

9  57  59 


Meters. 
4.60556 
4.72672 
4.89419 


GRAPE,  INYO    COUNTY,    CAL. 

Highest  peak  of  Grapevine  Range,  20  miles  northwest  of  Bullfrog 
and  15  miles  from  Thorp's  mill,  which  is  on  Bullfrog-Goldfield  wagon 
road;  nearest  water  is  spring  on  Bullfrog-Grapevine  ranch  trail  about 
5  miles  northwest.  Station  is  one  used  by  Coast  Survey  in  estab- 
lishing Nevada-California  boundary  line.  Center  left  by  the  survey 
foimd  and  occupied.  •  No  additional  marks  made. 

Station  mark:  Drill  hole  one-half  by  one-half  inch  in  rock  14  by  12 
by  10  inches,,  over  which  is  monument  4  feet  high  and  flagstaff. 

[  LaUtudp.^^  57'  56.40".  (36*  57'  55.21"  «  ) .    Longitude  1 17"  08'  57.78"  (117*  OS'  58.04"a) .) 


To  station- 


Asiiftuth. 


Back  azimuth. 


I  I  o  /  // 

Tin...... ,, 72  2V  38 

Gold  Mountain .  .V 156  33  46 

Tolicha 221  48  45 

Tiipber 257  18  09 

Jumbo 273  02  52 

Cane 283  18  38 

Bare 285  27  46 

Boundary , 319  44  18 

Death 358  02  54 

Nyeo tL 306  29  00 

Nye 305  28  30 


252 

336 

42 

77 


10  36 

28  08 

01  02 

42  03 

16  06 

103  53  41 

105  43  43 

139  54  35 

178  03  37 


Log. 
distance. 


Meters. 
4.45705 
4.54060 
4.65454 
4.79779 
4.51472 
4.95088 
4.61240 
4.59696 
4.71332 
3.68880 
3.68850 


«  By  Coast  and  Geodetic  Survey. 
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TELESCOPE   PEAK,  INYO   COUNTY,   CAL. 

(Not  occupied.) 
Highest  peak  of  Panamint  or  Telescope  Range. 

[Latitude  36*  ir  ^JfT',    Longitude  117'  04'  aS.lB''.] 
TIN,  INYO   COUNTY,  CAL. 

Highest  and  northernmost  peak  of  Panamint  Range;  15  miles 
southwest  of  Stainingers  (Grapevine)  ranch,  10  miles  southwest  of 
Mesquite  Spring,  and  6  miles  north  and  a  little  west  of  Pifion  Spring. 
Easily  reached  from  south  by  trail  to  Gold  Belt  (old  mining  camp), 
whichis  18  miles  south  of  peak,  thence  north  along  trail  to  Rest  and 
Burro  springs,  thence  north  along  crest  to  point. 

Signal:  Tripod  6  feet  high  with  flagstaff  10  feet  higher. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid 
rock. 

Reference  marks:  None. 

[Latitude  36*  53'  13.13".    Longitude  117*  27'  30.10".] 


To  station- 


Gold 

Grape 

Boundary 
Death 


Azimuth. 

Back  ad 

0 

imu 

*.' 

Lor. 
distance. 

o 

/ 

" 

/ 

„ 

Metert. 

196 

12 

03 

18 

18 

33 

csaoM 

252 

10 

36 

72 

21 

38 

4.4S7IB 

291 

56 

39 

112 

17 

55 

4.75«ai 

325 

45 

14 

145 

57 

07 

4.71«I 

. 

^ 







ANDK8ITE,  ESMERALDA   COUNTY,  NEV. 

Highest  knoll  on  top  of  lava  flow  about  3  miles  south  of  Gold- 
field,  1  mile  west  of  road  to  Lida. 

Station  mark:  Bronze  triangulation  tablet  in  solid  rock  on  highest 
point  of  hill. 

Reference  marks:  Ooss  in  solid  rock  17  feet  southwest,  cross  in 
solid  rock  15.5  feet  southeast. 

Signal :  A  small  local  monument,  the  Great  Star  Lode  claim  loca- 
tion monument.    .  ,. 


[Latitude  37"  4^18.30". 

Longitude  \\r  14'  1 

6.40" 
Bac 

1 

To  station- 

Azimuth. 

>k  asimvth. 

Log- 
distance. 

Monteziuna 

o           /           // 

103    15    33 
190    22    42 
229    21    21 

283    11    01 
10    23    10 
49    24    43  . 

iieitrt. 
4.04W 

Columbia 

X79»9 

Diamond ,  r , , , 

4.0eVt 
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High  hill  immediately  northeast  of  Columbia,  on  large  mass  of  rock 
at  summit,  locally  known  as  Columbia  Mountain. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid 
rock  under  a  caim  6.5  feet  high. 

Reference  marks:  No.  1,  17.6  feet  south  in  soUd  rock;  No.  2,  23.25 
feet  east-northeast,  in  soUd  rock. 

[  Latitude  S?**  43^  38.78".     Longitude  IW  13'  30.22".] 


To  station- 


Andesitc.. 
Diamond. 


Azimuth. 


10    23    10 
263    43    36 


Back  azimuth. 


o 

/ 

/f 

190 

22 

42 

83 

46 

30 

Log. 
distance. 


Meters. 
3.79819 
a  84505 


GOLD   MOUNTAIN,  ESMERALDA   COUNTY,  NEV. 

On  highest  summit  of  Gold  Mountain  a  sharp,  rocky  peak  1 .5  miles 
southeast  of  Oriental  post-office  (abandoned),  now  known  as  Old 
Town  or  Old  Camp,  and  about  20  miles  southeast  of  Lida  post-office. 
Best  reached  from  Old  Camp,  where  there  is  good  water  and  feed, 
and  which  is  reached  from  Lida  post-office  by  a  good  wagon  road. 
(Wheeler  point,  1871-72?) 

Station  mark:  A  bronze  triangulation  tablet  in  solid  rock,  stamped 
*'8144  V  A,^'  under  a  rock  monument  6  feet  high. 

[  Latitude  37*»  15'  09.50".    Longitude  117°  18'  18.09".] 


To  station- 


Tin 

Montezuma 
Stonewall . . 

Tolicha 

Grape 


Asimutti. 


Back  azimuth. 


o 

, 

„ 

18 

18 

38 

174 

12 

46 

220 

27 

07 

267 

34 

42 

336 

28 

08 

196  12  03 
354  10  41 
40    36    47 


87 
156    33 


Log. 
distance. 


Meters. 
4.63054 
4.09316 
4.55844 
4.64285 
4.54060 


LONE   MOUNTAIN,  ESMERALDA   COUNTY,  NEV. 

A  station  of  the  Coast  Survey  on  a  prominent,  well-known  peak  in  a 
dry,  desert  country,  60  miles  by  road  in  a  southerly  direction  from 
Cloverdale  and  40  miles  easterly  from  Columbus.  TUe  nearly 
extinct  mining  camps  of  Montezuma  and  Silver  Peak  lie  25  miles 
southwesterly  and  southeasterly,  respectively,  from  the  mountain. 
The  geodetic  point  is  marked  by  a  cross  on  a  one-half  inch  copper  bolt 
leaded  in  a  drill  hole  in  a  soUd  ledge  of  slate,  around  which  is  the 
iisual  stone  and  brick  foimdation  pier  for  theodolite,  surrounded  by  a 
stone  wall  15.5  feet  in  diameter,  with  an  opening  to  the  northeast. 
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The  vertical-circte  pier,  71.1  feet  distant  from  geodetic  point  and  sur- 
rounded by  a  stone  ring  wall  10.7  feet  in  diameter,  with  northea5t 
opening,  was  left  standing.  Reference  marks  are  four  drill  holes- 
one  north,  distant  9.15  feet;  one  north-northeast,  distant  13.78  feet: 
one  south-southeast,  distant  21.59  feet,  and  one  a  little  north  of  west, 
distant  8.2  feet  from  geodetic  point. 

In  1902  a  large  signal  was  placed  over  the  above  station. 

[  Latitude  38**  01'  28.760".     Longitude  117*'  29'  37.647".] 
To  station—  Azimuth. 


Mount  Giant 118  30  45l  13  i 

Toiyal)e  Dome '  187  47  26.93 

Cactus  Peak i  296  08  52.00' 

Diamond 316  23  25.00, 

Stonewall I  325  21  47.00 

Montezuma 342  18  57.00 


Back  azimuth.  ' 

distascp. 

o 

, 

,f 

Meurt. 

297 

42 

3L46 

&10KC745 

7 

52 

43.32 

laSTtttW 

116 

31 

3a  CD  , 

4.  7m:o 

136 

36 

laoo  1 

4.64768 

145 

38 

27.00 

4.M^«e 

162 

23 

4&00 

4.564302: 

MONTEZUMA,  ESMERALDA   COUNTY,  NEV. 

On  highest  point  of  group  of  mountains  about  8  miles  west  of  Gold- 
field,  locally  known  as  Montezuma  Peak.  It  is  about  1.5  miles  south 
of  old  Montezuma  mill  arid  springs  and  is  a  secondary"  point  of  the 
Coast  Survey. 

Station  mark:  A  bronze  triangulation  tablet  in  block  of  stone  24  by 
10  by  10  inches,  partly  buried,  over  which  is  a  cairn  6  feet  high,  vriih 
small  bnish  in  top. 

Reference  marks:  Cross  cut  in  solid  rock  25.6  feet  west;  cross  cut  in 
solid  rock  17.4  feet  east. 


[Latitude  37*'  41'  41.3".     Longitude  117**  21'  41.2".] 
To  station—  Azimuth.        |  Back  a^math. 


Lone  Mountain. 

Cactus  Peak 

Stonewall 

Gold  Mountain. 




— 

^    -     :-- 





--^- 

o 

/ 

0 

, 

// 

162 

23 

49 

342 

18 

57  1 

256 

56 

58 

i  4 

14 

55  1 

307 

06 

68 

127 

18 

^  1 

354 

10 

41  1 

174 

12 

45  1 

Log. 
I     distaner. 


4. 5845037 

4.6024 

4.55360 

4.  ease 


TIMPAHUTE,  LINCOLN    COUNTY,  NKV. 

•  (Socondary  point.     Not  occupied.) 

Highest  point  on  Timpahute  Range. 

[  Latitude  37*»  26'  58.26".     Longitude  1 15**  43'  55.57".] 
To  station—  i        Azimuth.  Back  asimuth. 

O  f  /f       "  O  *  tf 

Belted  Peak 113    43    32  293    31    01  , 

Reveille '  141    46    54  321    32    08  1 


^Log. 
distanoe. 


Meters 

4.  sac 
4.73:5: 
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BARE,   NYE   COUNTY,  NEV. 

On  high,  bare  summit  of  very  rocky  ridge  2  miles  southeast  of 
Beatty  post-office  and  6  miles  east  of  Bullfrog.  Camp  may  be 
made  at  spring  1  mile  south  of  Beatty  post-office  in  wash  at  west 
foot  of  Bare  Mountain.  The  climb  may  be  made  with  instrument 
mule,  but  is  rather  difficult.  Wheeler  monument  was  removed,  but 
no  center  found.  Under  monument  was  small  tin  cylindrical  case 
4  inches  by  0.75  inch,  within  which  was  the  following:  ^'Explorations 
and  Surveys  West  of  100th  Meridian.  Name  of  peak.  Bare  Mountain ; 
triangulation  station  No.  7 ;  approx.  altitude,  5,800  feet.  Party  No. 
2,  executive  officer,  Lieut.  R.  Bimie;  topographical  ass' t,  Louis  Nell; 
meteorological  ass't,  Stevens.  En  route  from  Panamint  to  C.  Inde- 
pendence.    Date:  Sept.  16,  1875.     Corps  of  Engineers,  U.  S.  Army.'' 

Station  mark:  A  J-inch  drill  hole  in  rock  12  by  12  by  4  inches 
under  a  rock  monument  7  feet  high. 

[Latitude  36°  51'  59.10".     Longitude  IKi**  42*  23.74".] 


To  station- 


Boundary 
Death.... 
Grape .... 
Yellow... 
Jumbo... 
ToUcha . . . 
Timber... 
Fuma*^.. 


Azimuth. 

Back  azimuth. 

Log. 
distance. 

o           /          // 

0              /           ft 

.    MeUtt. 

36    09    36 

216    03    68 

4.37584 

43    04    13 

222    49    03 

4.74464 

105    43    43 

285    27    46 

4.61240 

122    53    29 

302    48    32 

4.16348 

143    41     19 

323    38    35 

4.05819 

168    22    17 

348    18    32 

4.65842 

221    37    24 

41    46    16 

4. 51761 

350    48    24 

170    51    48 

4.72672 

BKATTY,   NYE    COUNTY,    NEV. 


On  top  of  rocky  summit  of  andesite-capped  hill  of  dark  color  1.5 
miles  northwest  of  Beatty  and  1  mile  east  of  Montgomery-Shoshone 
mine. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid 
rock  under  a  rock  monument  5  feet  high. 

[Latitude  36«»  55'  06.28".     Longitude  116°  47'  16.78".] 


To  station- 


Azimuth. 


Busch 85    53    23 

YeUovr i  113    12    18 

Jumbo 187    65    18 


Baclc  azimuth. 


265    51    34 

293    10    17 

7    55    30 


Log. 
distance. 


Meters. 
3.66317 
3.73^32 
3.64065 


BELTED   PEAK,   NYE    COUNTY,   NEV. 

Highest  point  of  bare,  rocky  mountain  2  miles  south  of  northern- 
most point  of  Kawich-Groom  road  where  it  crosses  Belted  Range; 
about  15  miles  a  little  north  of  east  of  Kawich  post-office.  Nearest 
water  is  Cliff  Spring,  5  miles  to  the  south,  on  west  slope  of  range. 
Horses  can  go  within  0.25  mile  of  top  (from  south). 
Bull.  310-^-07 11 
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Station  mark:  A  cross  cut  in  solid  rock. 
Signal:  A  caim  7.5  feet  high  over  mark. 
Reference  marks:  An  arrow  27.4  feet  east-northeast,  cut  in  rock; 

U  S 
a  similar  arrow  30.1  feet  south-southeast,  cut  in  rock,  with   w^q  cut 

on  left  side  of  arrow. 


[Latitude  37«*  34'  07.83".     Longitude  116°  04'  31.56' 

'-] 

To  station—                                          Azimuth. 

Back  azimuth. 

Log- 
distance. 

Me«a 

Quartzite 

Kawlch 

Heveille 

^                        0              /            /* 

19    48    48 

74    33    23 

142    12    51 

170    34    16 

199    42    42  ' 
254    24    20 
321     58    44 
350    32    20 

Meters, 

4.62570 
4.35Cn 
4.7C45 
4.50604 

BU8CH.   NVE   COUNTY,   NEV. 

On  high,  rocky,  gray  point  known  as  Busch  Peak  on  Bonanza 
Mountain,  1  mile  west  of  Rhyolite.  Easily  reached  with  animals 
by  trail. 

Station  mark:  A  bronze  triangulation  tablet  under  a  mineral 
location  post  to  which  black  and  white  flags  were  attached. 

[Latitude  36°  54'  55.78".     Longitude  1 16°  50'  18.13".] 


To  station- 


Azimuth. 


Yellow I  168    32    34 

Jumbo 232    49    12 

Be-itty 265    51    34 


Back  azimuth,  j     ^iiSie. 


°  '  "  Meters. 

348  32  22  3. 3B65? 

52  51  13  3-79462 

85  53  23  ,              X  65317 


CACTI'S    TEAK,   NYE   COUNTY,   NEV. 


On  highest  point  of  north  peak  of  Cactus  Range,  about  25  miles 
east  of  Goldfield  and  35  miles  southeast  of  Tonopah.  It  is  north- 
ernmost peak  of  range  and  a  local  landmark  over  ar  large  area.  A 
monument  6  feet  high  was  found,  which  was  removed  and  a  new 
one  erected  on  its  site. 

Station  mark:  A  bronze  triangulation  tablet  in  block  of  stone 
3  by  2  by  1  foot,  resting  on  surface,  over  which  is  a  caim  9  feet 
high  and  5.5  feet  in  diameter  at  base. 

[Latitude  37«»  46'  58.44".    Longitude  116°  52'  a8.49".] 


To  station- 


Stonewall 

Montezuma 

Lone  Mountain 

Kawich 

Quartzite 


Azimuth. 


24  35  09 

77  14  55 

116  31  36 

241  24  45 

301  12  31 


Back  azimuth. 


204  29  12 

256  56  58 

296  08  52 

61  40  05 

121  32  50 


Log. 
distanop. 


Meters. 

4.53750 
4.64124 
4.78170 
4.619M 
4.79S] 
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CANE,  NYE   COUNTY,   NEV. 

Highest  point  on  flat  ridge  running  east  and  west,  on  north  edge 
of  mesa  about  6  miles  ahnost  due  west  of  Cane  Spring,  22  miles 
northeast  of  Ash  Meadows.     Easily  ascended  with  horses. 

Station  mark:  A  bronze  triangulation  tablet  in  solid  rock  10  feet 
from  edge  of  bluff  under  a  cairn  8  feet  high,  7  feet  in  diameter  at 
base. 

Reference  marks:  Cross  cut  in  solid  rock  38  fe^t  southwest  of 
center;  cross  cut  in  solid  rock  44  feet  southeast  of  center. 

[Latitude  36°  46'  35.48".    Longitude  lie*  IC  33.05".] 


To  station- 


Azimuth. 


Baclc  azimutii. 


Log. 
distance. 


Boundary. 
Grape 


81    40    46 
103    53    41 


°       '     "         Meters. 
261     16    06  4.70303 

283    18    38  I  4.95088 


CHALK    MOUNTAIN,    NYE   COUNTY,    NEV. 


(Secondary  point.     Not  occupied.) 

Highest  point  of  rocky  ridge  about  20  miles  east  of  Kawich  post- 
oflSce  and  10  miles  east  of  Belted  Range. 


[Latitude  37*>  31'  52.90".    Longitude  115°  65'  12.62".] 


To  station- 


Belted  Pealc. 
Reveille 


Azimutii. 


106    55    22 
152    09    23 


Baclc  azimutii. 


286    49    42 
332    01    30 


Log. 
distance. 


Meters. 
4.15649 
4.60750 


DIAMOND,    NYE    COUNTY,    NEV. 

On  hill  3  miles  northeast  of  Goldfield  and  3.5  miles  east-southeast 
of  Diamondfield ;  about  0.75  mile  to  the  east  is  another  hill  which  is 
slightly  higher. 

Station  mark :  Bronze  triangulation  tablet  in  solid  rock  on  highest 
point  of  hill. 

Reference  marks:  Cross  in  solid  rock  33.7  feet  southeast  of  tablet; 
cross  in  solid  rock  14.3  feet  west-northwest  of  tablet. 

Signal :  Cairn  8  feet  high  on  large  rock. 

[Latitude  37°  44'  03.46".     Longitude  117°  08'  46.04".] 


To  station— 


Andesite 

Iffontezuma 

Lone  Mountain 

Colomuitt 

Stonewall 


Azimuth. 


'  Back  azimuth.  !     j„'j^-^. 


o 

, 

„ 

0 

, 

"  i 

Meters. 

49 

24 

43 

229 

21 

21 

4.02791 

77 

04 

10 

256 

m 

16  1 

4.28973 

1.36 

.36 

13  , 

316 

23 

25  1 

4.  647(i8 

190 

22 

42 

10 

23 

10  1 

3.79819 

340 

02 

35  , 

160 

06 

29  ' 

4.  44101 
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FORTY    (SHOSHONE    MOUNTAIN),    XYE   COUNTY,    NEV. 

(ScH'ondary  point.     Not  (KH'upicHl.) 

Highest  point  on  Shoshone  Mountain  about  15  miles  northwest  of 
Cane  Sprinjj;s,  east  of  Fortymile  Canyon. 


[Lulltude  30°  57'  05.09".     Longitude  110°  18'  28.05".] 
To  station—  Azimuth.  Back  azimuth. 


Boundary. 
Cane 


100    10    13 
328    44    31  j 


239    50    13  , 
148    49    15 


diBtancf. 


4.75774 

4.35(91 


JIMBO,    NYE   COUNTY,    XEV. 

On  higli  summit  2  miles  east  of  Indian  Springs,  near  Rhyolite;  the 
springs  may  be  reached  from  Rhyolite  by  good  wagon  road  and  sta- 
tion is  accessible  with  pack  animals. 

Station  mark:  Drill  hole  in  soHd  rock  under  a  rock  monument  6 
feet  high. 

(Latitude  3<)°  56'  57.92".     Ivongitude  116°  46'  57.43".] 

I 


To  station— 

Azlmutli. 

Baclc  azimuth. 

187    55    18  , 
232    49    12 
256    32    49  1 
273    02    52  1 
143    41    19 

distAoee. 

Beattv 

Buscii 

Yellow 

Grape 

Bare 

7    55    30 

52    51     13 

70    35    02 

t             93    10    00 

323    38    35 

Mttrr$. 
3^541*0 

3.7V4t2 
a74^5^ 
4.51472 
4  0»a 

KAWICH,    XYE    COUNTY,    XEV. 

On  highest  peak  of  Kawich  Range,  about  3  miles  east  of  Ix^ng 
street's  ranch,  6  miles  northeast  of  Silverbow  (camp),  and  4  miles 
west  of  Eden  (camp).  Easily  ascended  by  stock  trails  from  any  of 
above  places.  There  are  springs  south  and  northeast  of  station  1 
mile  distant. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid 
rock  under  a  cairn  7  feet  high. 

[Latitude  37°  57'  42.67".     (37°  57'  43.05" a)  Longitude  110°  27'  39.10"  (116°  '27'  39.62"  o).] 


To  station- 


Azimuth. 


Back  azimuth. 


Log. 
distance. 


Cactus  Peak 01     40 

Lone  Mountain 94    43 

Lone  Mountain  <» 94-   42 

White  Pine 244    27 

White  Pine  o I  244    26 

Reveille |  292    36 

Belted  Peak - '  .      321     58 

Quartzite ."m    12 

a  By  Coast  and  Geodetic  Survey. 


241  24  45 

274  04  30  , 

274  04  06 

65  02  35  I 

65  02  02 

112  48  39  I 

142  12  51  I 

166  18  02 


Metert. 

4.61994DD 

4.S6NaC0 
4.96871m 
4.9»fWlSI 
4.4922OT 
4.7424.W 

4.7a«eoB 
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MAL,    NYE    COl-'NTY,    NEV. 

(Not  occupied.) 

The  highest  rocky  conical  mountain  in  the  Cactus  Range,  about  10 
miles  southeast  of  Cactus  Spring,  from  which  it  is  plainly  visible,  and 
about  3  miles  almost  due  west  of  Antelope  Springs. 

Station  mark:  A  small  cairn  found  on  mountain. 


[Latitude  37« 
To  station— 

37' 

41.10". 

Longitude  lUi°  45'  32.32" 

] 

1        Azimuth. 

Bm 

[;k  azimuth. 

0             r         // 

240    09    01 
328    41     11 

Log. 
distance. 

stonewall 

Cactus  Pcftk 

0              /          // 

60    19    10 

...|            148    45    31 

Meiers. 
4.45572 
4.3a335 

MESA  (pAHUTE),  NYE   COUNTV,  NEV. 

On  highest  point  of  high  ridge,  southern  boundary  of  plateau, -about 
12  miles  a  little  south  of  west  from  Oak  Spring,  10  miles  west  of 
Whiterock  Spring,  and  6  miles  north-northeast  of  tank  on  Oak  Spring, 
Indian  Camp  trail ;  at  west  end  of  ridge  having  scattering  pifton  and 
cedar  trees  on  top,  but  bare  on  salient  west  of  station.  Horses  can 
be  ridden  to  station  from  tank  to  the  southwest. 

Signal:  Piflon  tree  trimmed,  with  pole  nailed  in  top  cariying  a 
white  flag  and  bunch  of  green. 

Station  mark:  Bronze  triangulation  tablet  in  solid  rock. 

Reference  marks:  Middle  nail  of  4-inch  blazed  pifton  stump,  37.2 
feet  northeast;  nail  in  blaze  on  pifton  stump,  15  feet  west. 

[Latitude  37*'  12*  38.32".        Longitude  1(1°  14'  12.14".| 


To  station— 


Quartzite 

Belted  Peak 

Wheelbarrow  Tealc. 


zlm 

ith. 

Back  azimuth. 

Log. 
distance. 

o 

107 
199 
207 

13 
42 
49 

49 
42 
41  , 

347    10    55 

19    48    48  1 
27    55    28  ; 

Meters. 
4.63821 
4.G2570 
4.47891 

QUARTZITE,   NYE    COUNTY,  NEV. 

A  high,  bare,  rocky  mountain  3  miles  southwest  of  Kawich  (Gold- 
Reed),  locally  known  as  Quartzite  Mountain;  easily  ascended  on 
horses  from  Kawich  or  almost  any  direction.  Nearest  water,  Cliflf 
Spring,  about  15  miles  east  across  flat  in  Belted  Range,  ou  Indian 
Spring,  4  miles  south  of  Cliff  Spring. 
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Station  mark:  Bronze  triangulation  tablet  cemented  in  solid  rock 
under  a  cairn  9  feet  high  with  8-foot  base. 

[Latitude  37*>  SO'  50.78".    Longitude  116°  W  23.355".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log- 
distance. 

ToUcha 

Stonewall 

Cactus  Peak 

o 

i             57 

88 
121 

49  00 

50  11 
32    60 
18    02 
40    27 
24    20 
48    38 
10    55 

o 

237 
268 
301 
346 
23 
74 
107 
167 

31 
24 
12 
12 
47 
33 
57 
13 

16 
01 
31 
56 
21 
23 
34 
49 

Xfttcrs. 

4.707n 

4.»in 

4.75«S 

Kawich 

Reveille 

Belted  Peak 

1           166 

1           203 

254 

4.708@6 
4.6H7V 
4.35S1 

Wheelbarrow  Peak 

287 

4.3.56SI 

Mesa 

347 

4.53821 

REVEILLE,  NYE   COUNTY,  NET. 

The  southernmost,  highest  prominent  peak  of  Reveille  Range, 
about  12  miles  south  of  New  Reveille  and  about  12  miles  a  little  north 
of  east  of  Sunmer  Spring.     Horses  taken  to  summit  from  south. 

Station  mark :  A  bronze  triangulation  tablet  in  solid  rock  under  a 
cairn  5  feet  high  with  a  brush  top  3  feet  higher. 

[Latitude  37°  61'  13.90".    Longitude  116°  08'  06.48".] 


To  station- 


Quartzite 

Kawich 

White  Pine 

Belted  Peak 

Wheelbarrow  Pe-ak. 


Azimuth. 

i 

Back  azimuth. 

L<« 

o 

/ 

., 

o 

/ 

/. 

Meien. 

23 

47 

21 

203 

40 

27 

4.61CV 

112 

48 

39  1 

292 

36 

38  I 

4.4ES 

226 

54 

43  1 

47 

18 

54  1 

4.88^1 

350 

32 

20 

170 

34 

16 

4.3Ofl04 

353 

35 

43 

173 

37 

48 

4.6S3C 

SHEET   LINE,  NYE   COUNTY,  NEV. 

(Not  occupied.) 

'  Highest  peak,  north  end,  of  low  hills  about  20  miles  southeast  of 
Tonopah,  30  miles  northeast  of  Goldfield,  and  about  16  miles  due  north 
of  Cactus  Peak.  Hill  is  about  1  mile  south  of  '* short-cut''  road  from 
Tonopah  to  Silverbow  and  Longstreet's  ranch;  hills  are  known  to 
some  as  Monitor  Range. 

Station  mark :  A  cairn  5  feet  high. 


[Latitude  37°  50' 00.3".    U 

)ngitudo  116°  53*  35.65".] 

• 

To  station— 

Azimuth. 

O             t           It 

TiZ    28    11 
356    24    17 

Back  azimuth.   ' 

93    44    06  1 
176    24    49  * 

Log. 
distance. 

Kawich : . . . 

Cactus  Peak 

4.34$Si 
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STONEWALL,  NYE   COUNTY,  NEV. 

On  south  peak  of  high,  rocky  mountain  about  20  miles  southeast  of 
Goldfield.  There  is  very  little  solid  rock  on  station;  only  bare  broken 
rock,  grassy.  It  is  easily  ascended  with  saddle  horses  in  two  horn's 
from  Stonewall,  a  well-known  watering  place,  4  miles  west  of  north  of 
station,  by  going  east  from  spring  0.5  mile  up  first  canyon  to  head, 
thence  up  ridge  to  top  and  around  high  ridge  to  peak. 

Station  mark:  A  bronze  triangulation  tablet  in  block  of  stone  14  by 
12  by  8  inches  on  surface,  over  which  a  cairn  6  feet  high  was  built. 

[Latitude  37«»  atK  01.30".    Longitude  n7*>  02'  22.43".] 


To  station— 


Oold  Mountain, 

Montezuma 

I^ne  Mountain 

Diamond 

Cactus  Pejilt... 

Quartxite 

ToIIcha 


Azimuth. 

Back  azimuth. 

Log. 
disUnce. 

o          / 

./ 

o            /          // 

220    27    07 

Meters. 

40    36 

47 

4.55844 

127    18 

45 

307    06    68 

4.55260 

145    38 

27 

325    21    47 

4.84866 

leO    06 

29 

340    02    36 

4.44101 

204    29 

12 

24    35    09 

4.53750 

268    24 

01 

88    50    11 

4.80171 

321     39 

17 

141     47    39 

4.516G9 

TIMBER,  NYK    COUNTY,  NEV. 

On  summit  of  westernmost  and  barest  of  two  timber  peaks,  known 
as  Timber  Mountain,  about  17  or  18  miles  south  of  east  of  Howell 
ranch.  Side  camp  can  be  made  within  5  miles  of  summit  with  buck- 
board  by  following  up  wash  in  which  runs  Oak  Spring  trail  and  keep- 
ing a  general  southeasterly  course  along  trail  and  onto  long  low  ridge. 

Station  mark:  A  bronze  triangulation  tablet  stamped  "V  A  7426^' 
in  solid  rock,  over  which  is  a  cairn  6  feet  high  with  flag  pole  10  feet 

high. 

[Latitude  37*  05'  10.77".    Longitude  116^  27'  3S.00".] 


To  station- 


Furnace 
Bare... 
Grape... 
Toiicha. 


\zim 

uth. 

Baclc  azimuth. 

l>og. 
distance. 

o 

/ 

„ 

0 

/ 

// 

Meters. 

9 

57 

59 

180 

52 

34 

4.89419 

41 

46 

1*5 

221 

37 

24 

4.  51701 

77 

42 

to 

257 

18 

09 

4. 79779 

122 

55 

03 

.•»2 

42 

23 

4.56742 

TOLICHA,    NYE    COUNTY,    NEV. 

On  southern  summit  of  high  bare  point  of  reddish  color  20  miles 
north  of  east  of  Thorp's  mill  and  about  23  miles  east  of  south  of  Gdi 
Crater.  More  easily  reached  from  Farmer  stage  station  on  Goldfield- 
Bullfrog  road  by  coming  up  first  large  wash  which  drains  to  south. 
Good  water  and  feed  at  Monte  Cristo  Springs,  1.5  miles  west  of  north 
of  station.     (Is  point  of  Lieut.  G.  M.  Wheeler,  1871-72.) 
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Station  mark:  A  bronze  triangulation  tablet  in  soli4  rock,  over 
which  is  a  rock  monument  6  feet  high.  Tablet  is  stamped  '*7031 
V  AJ' 

[Latitude  37"»  16'  05. 03".    Longitude  1}6°  48'  36. 36".] 


To  station— 

Arlmutli. 

Back  azimuth. 

Lop 
distance. 

Orape - 

42    01 
87    52 
141    47 
237    31 
302    42 
348    18 

02  , 

41 

39 

16 

23 

32 

0              /          ## 

221    48    45 
267    34    42 
321    39    17 
57    49    00 
122    55    03 
168    22    17 

JJ^rr$. 

4.6M^ 

Gold  Mountain.. 

Stonewall 

Quart7.lte 

Timber 

Bare 



].!!.".!]]]  1 .! . 

4.6l*G 
4-51S^ 
4.707n 
4.56742 
4  (WM3 

WHEELBARROW    PEAK,    NYE   COUNTY,    NEV. 

Highest  peak  in  belted  range,  about  15  miles  south  of  east  of  Kawich 
post-office  and  about  2  miles  north  of  point  where  trail  from  Indian 
Spring  to  Whiterock  Spring  (via  Johnnies  Water)  crosses  ridge. 

Signal:  Tripod,  about  8  feet  high,  brush  top. 

Station  mark:  A  bronze  triangulation  tablet  in  large  bowlder. 

[Latitude  37°  27'  04.18".    Longitude  116«»  04'  42.21".] 


To  station- 


Azimuth. 


Back  azimuth. 


distance. 


Mesa 27    ."iS    ar 

Quartzite 107    57    34 

Reveille 173    37    48 


"  '  "  Meitr*. 

207  49  41  4.4TWI 

287  48  :W  A.XM& 

353  a5  43  4-fi52Sl» 


WHITE   PINE,    NYE   COUNTY,    NEV. 


A  Coast  Survey  station  on  highest  and  boldest  point  of  White  Pine 
Mountains,  called  on  Lieutenant  Wheeler's  map  the  Grant  Range,  but 
local  name  is  Troy  Peak.  Station  is  near  edge  of  precipice;  the  rock 
bluff,  a  few  feet  distant,  falls  almost  vertically  700  or  800  feet.  Geo- 
detic point  is  a  f-inch  by  4-inch  copper  bolt  set  in  solid  rock  in  center 
of  stone  foundation  pier  for  the  theodolite.  A  bottle,  containing  the 
approximate  height  and  geographic  position  of  station,  was  embedded 
in  plaster  of  Paris  in  central  pit  of  the  pier  above  the  bolt.  Reference 
marks  are  three  drill  holes — one  about  northeast,  distant  10.3  feet; 
one  about  south-southeast,  distant  7.65  feet,  and  one  about  north- 
west, distant  9  feet  from  geodetic  point.  The  vertical  circle  station 
is  27.62  feet  distant  from  geodetic  station  in  a  northeasterly  direction. 
The  usual  circular  stone  ring  walls  surrounding  the  central  and  the 
vertical  circle  stations,  the  stone  cabins  used  for  living  purposes,  and 
the  'bolts  and  drills  to  which  the  guy  ropes  of  observing  tents  were 
fastened  were  left  in  position. 
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ILatltude  38*»  19'  10.flO"«  (38°  19'  lO.T2S").b    Longitude  115°  30'  aJ.l7";«  (115°  30'  04.791"ft).l 
To  station—  Azimuth. 


Baclc  azimuth.       ^^^^^^ 


Wheeler  Peak  b. 

Piocheft 

Kawiohft 

Kawich  o 

Reveille  o 


o 

/ 

// 

234 

03 

10.65 

285 

46 

48.23 

65 

02 

02 

65 

02 

35 

47 

18 

54 

54 
106 
214 
244 
226 


47  42.11 

40  33.  a5  , 

26  29 

27  00    ! 
54  43    I 


o  From  Lone  Mountain,  Wontf/uma. 

b  United  States  standard  datum.  Coast  and  Oeodetic  Survey. 


Meters. 
5. 10432259 
5. 12178013 
4.96861340 
4.96878000 
4.88056000 


YELLOW,    NYE   COUNTY,    NEV. 

On  highest  part  of  yellowish  summit,  3  miles  west  of  north  of  Rhyo- 
lite  and  0.25  mile  east  of  highest  rocky  summit  of  the  Bullfrog  Hills 
north  of  Rhyolite. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid 
rock  under  a  cairn  5  feet  high. 

[latitude  36°  56'  15.54".    Longitude  116°  50'  38.20". J 


To  station- 


Jumbo. 
Beatty . 
Bare... 
Basch.. 


zim 

nth. 

o 

, 

„ 

256 

32 

49 

293 

10 

17 

302 

48 

32 

348 

32 

22 

Baclc  azimuth. 


76  35  02 

113  12  18 

122  53  29  , 

168  32  34  1 


Log. 
distance. 


Meters. 
3. 7-1956 
3.73432 
4. 16:i48 
3.39957 


TERTIARY    POINTS   LOCATED    BY   INTERSECTIONS    (nEVADA). 


Latitude.    |     Longitude. 


AT  BULLFROG.  o  //  f 

Rocicy  Cap,  Nye  County 36  53  48.88  116  46  35.16 

Ladd,  Nye  County 3(;  53  45.79  116  49  14.17 

AT  GOLDFIELD. 

Portland  (frame),  Esmeralda  County 37  42  16.60,  117  13  11.00 

St.  Ives  (frame),  Esmeralda  County 37  42  53.08  1  117  12  51.39 

Combination  (frame),  Esmeralda  County 37  42  48.32  117  13  27.28 

Black  Butte  (highest  point),  Esmeraida  County 37  45  04.67!  117  10  34.67 


FRESNO,  INYO,  MONO,  TULARE,  AND  TUOLUMNE  COUNTIES,  CAL. ;  ESMER- 
ALDA AND  NYE  COUNTIES,  NEV. 

XnOH  SIERRA  REGION,   CALIFORHIA;   GOLDFIELD  REGION,  NEVADA. 

During  the  field  seasons  of  1904-5  Charles  F.  Urqilhart,  topogra- 
pher, extended  triangulation  over  an  area  of  7,00(Vsquare  miles  for  the 
control  of  seven  30-minute  quadrangles. 

Positions  are  based  on  Conness  and  White  Mountain  south,  stations 
of  the  Coast  and  Geodetic  Survey,  on  the  United  States  standard 
datum. 
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UODDARD,  FRESNO  COUNTY,  CAL. 

Ascended  peak  by  ridge  running  from  the  southwest  up  from  camp 
on  south  fork  of  San  Joaquin  at  pasture  1  i  miles  above  the  camp  of 
the  Mount  Goddard  Copper  Mining  Company.  Can  take  animak 
within  1,500  feet  of  summit.  The  south  end  of  the  mountain  was 
occupied,  although  the  north  end  is  slightly  higher.  The  south  end 
seems  to  be  recognized  as  the  sunmiit  and  is  much  easier  of  access. 

Station  mark:  A  bronze  triangulation  tablet  set  in  loose  shale  rock, 
over  which  is  erected  a  cairn  4  feet  in  diameter  at  base  and  4  feet 
high. 

[Latitude  37«>  06'  12.31".    Longitude  118«  43'  09.20".] 


To  station- 


Azimuth. 


Back  azimuth. 


ThreeSiBters 98  03  25,99 

Kaiser i  117  18  18.97 

SUver I  146  47  11.35 

Moiigan I  178  01  57.03 

White  Mountain,  south .  214  45  39.07 

Split  Mountain 288  50  12.20 

Whitney 326  37  02.71 

Brewer 334  24  33.9C 

Baldv 16  54  10.44 

Spanish  (preliminar>') . , 36  23  57.36 

Hilgard 161  39  49.34 

Silliman 357  42  48.51 


277  51 
297  01 
326  36 


358 
35 
109 
146 
154 
196 
215 
341 
177 


05.29 

25.41 

13.95  ' 

28.67 

33.26  . 

57.48 

26.30  I 

01.05 

19.23 

45.76 

36..'il 

37.67 


Log 

distance. 


Uttert 
4  4>3(IK5 

4.Ui7U^-* 
4.687»^^ 
4.S25:j(« 
4.85^89 
4.44t»ri« 

4.68a«C 

4.agK:4« 

4. 4213375 
4.4:?K3f4 
4.7076^4 


HILGARD,  PRE.SNO   COUNTY,  CAL. 

Ascended  from  camp  on  Bear  Creek,  five  and  one-half  hour?' 
travel.  Could  camp  an  hour  closer  by  going  to  summit  of  ridge 
between  Bear  and  Mono  creeks.  Best  approached  along  ridge  between 
Bear  and  Mono  creeks,  finally  dropping  down  into  northeast  fork  of 
Bear  Creek  and  climbing  peak  from  east.  On  summit  of  this  peak 
are  three  small  high  points  of  rock.  The  north  or  center  one  is  point 
occupied. 

Station  mark:  A  large  flat  rock,  in  which  is  cemented  a  bronze 
triangulation  tablet,  surmounted  by  a  cairn  3  feet  in  diameter  at 
base  and  3  feet  high. 

[Latitudo  37°  21'  39.44".    Longitude  118°  49^  34.10".] 


To  statlon- 


AKimuth. 


Back  azimuth. 


ThrooSisters i  40  31  27.33'  220  22  57.41 

Silver 125  09  54.14  1  305  02  48.66! 

Goddard 341  36  11.21'  161  40  04.09  1 

Kaisor I  77  03  50.04  1  256  50  47.29  1 

BigShiitpyo I  88  51  40.06  1  268  29  47.16' 

I  I  I 


dtstanrr. 


ilHrn, 
4.505ia«' 
4.3ZS3C? 

4.471C:»> 
4.51334SI 
4.73M7S' 


KALSER,  FRESNO    COTNTY,  CAL. 

On  a  bald  peak  at  the  head  of  Kaiser  and  Pittman  creeks,  easily 
ascended  from  the  south  side.  There  are  numerous  lakes  and  small 
meadows  in  the  neighborhood. 
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Station  mark:  A  bronze  triangulation  tablet  set  in  loose  earth, 
there  being  no  solid  rock,  above  which  was  erected  a  cairn  5  feet  in 
diameter  at  base  and  5  feet  high. 


[Latitude  37''  IT  40.52".    Longtiude  1 19«  1 1'  05.66".] 


To  station- 


Azimuth. 


Lyell 171  10  36.00 

SUver 216  42  52.26 

Ooddsrd 297  01  25.41 

ThreeSlstere 326  61  14.47 

BigShuteye 106  00  18.72 

Red 153  40  16.75 

Lyell 171  16  30.07. 

SUver 216  42  50,78 

Hllgard 256  50  47:29  1 


351  13  27.41 

36  48  51.25 

117  18  18.97 

146  55  46.14 

285  51  29.47 

333  32  06.49 

351  13  21.65 

36  48  49.60 

77  03  60.04 


Baclc  azimuth.  I     ^jlj^_ 


Meters. 
4.6988733 
4.3856890 
4.6671675 
4.3069355 
4.3493243 
4.6487072 
4.6982751 
4.3855104 
4.5135461 


HUMPHREYS,  FRESNO    AND   INYO   COUNTIES,  CAL. 

(Not  occupied.) 

On  the  highest  point  of  Mount  Humphrey,  a  very  prominent  moun- 
tain on  the  main  crest  of  the  Sierras,  between  the  North  Palisade  and 
Hilgard,  and  at  the  source  of  Mill  Creek,  alributary  of  Owens  River. 
There  is  a  trail  up  Mill  Creek  to  foot  of  mountain. 

Station  mark:  Highest  point,  a  very  sharp  peak. 


[Latitude  37*>  16'  16.12". 

Longitude  118"  40'  20.38".] 

To  station- 

Azimuth.           Back  azimuth. 

Log. 
distance. 

Goddard 

Thrpc  Sisters 

o            /              // 

12    38    27.03 
67    29    24.74 

o          /            n 

192    36    65.00 
247    15    20.53 
340    26    05.80 
141     17    55.11 

Meters. 
4.27i»7.563 
4.. 571 6837 

Mf^Rfin r    . . 

1       160    28    16.60 

4.2004826 

Split  Mountain.. 

321    08    50.51 

4.6506014 

RED   SLATE,  FRESNO    AND    MONO   COUNTIES,  CAL. 

(Not  occupied.) 

This  point  is  a  high,  round- topped  mountain  on  the  main  crest  of 
the  Sierras.     Highest  point  between  Mono  Pass  and  Mammoth  Pass. 
Station  mark:  Highest  point. 


[I^atltude  37°  30'  28.37".    longitude  118°  52'  07.16".] 


To  station- 


Azimuth. 


Silver  . 
Lyell... 
Baldy.. 
Morgan 


72 
126 
205 
313 


27.42 
00.98 
18.28 
00. .38 


Back  azimuth. 


252 
305 
25 
1.33 


54.39  I 
17.83 
12.72  i 
05.06  I 


Log. 
distance. 


Meters. 
4.1487274 
4.6420540 
4.5171504 
4.2193242 
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SPLIT    MOUNTAIN,  FRESNO    AND    INYO   COITNTIEH,  CAL. 

On  highest  pomt  of  SpUt  Mountain,  which  is  on  crest  of  the  Sierras 
at  the  source  of  Tinnemaha  Creek,  flowing  into  Owens  River,  and 
Cartridge  Creek,  fiowing  into  middle  fork  of  Kings  River.  There  is  a 
higher  point  about  8  miles  northwest  (Mount  Jordan).  The  pK)int 
can  be  easily  reached  from  the  west  side  by  going  up  Cartridge  Creek 
to  the  summit  of  the  ridge,  thence  south  to  peak.  It  can  also  be 
reached  from  the  head  of  Tinnemaha  Creek.  It  would  be  very  diffi- 
cult to  climb  it  from  the  south. 

Station  mark:  A  cairn  6  feet  high  on  highest  point. 


[Latitude  37«  01'  16.40".    Longitude  118<>  25'  18.51".] 


To  station- 


Azimuth. 


Back  azimuth. 


Brewer 9  11  64.05 

Goddard 109  06  57.48 

Morgan 147  13  50.01 

White  Mountain,  south 192  12  05.44 

Black  Mountain 212  37  23.61 

Waucoba 260  42  52.99 

Kcynot 310  08  55.38 

Whitney « 346  36  60.01 


189 
288 
327 
12 
32 
80 
130 
•  166 


38.34 
12.20 
43.14  , 
09.46  I 
32.30  . 
51.70 
29.22 
37.36 


dist«on'. 


4.MSS57: 

4.705ns; 

4.Ma*43^ 
4.511(KC! 

4.7XC32I 
4.702Ri:« 


SILVER,    FRESNO   COUNTY.    CAL. 

On  the  hierhest  peak  between  Fish  and  Mono  creeks,  at  head  of  Silver 
Creek.  Summit  is  flat,  running  north-northeast  and  south-south- 
west. Highest  point  is  at  southwest  end.  Can  camp  at  meadows 
below  Margaret  Lake^.  Thence  it  is  three  and  one-half  hours'  travel 
to  station.  Can  take  mules  within  700  feet  of  summit  on  east.  There 
is  grass  and  water  for  one  night  within  1,200  feet  of  summit. 

Station  mark :  A  bronze  triangulation  tablet  set  in  solid  rook,  on 
which  was  erected  a  cairn  of  rocks  5  feet  in  diameter  at  base  and  5 
feet  high. 

[  Latitude  37»  28'  12. 09".    Longitude  1 19*  01'  14.36".] 


To  station- 


Big  Shuteye 

Red 

Lyell 

mUga  rd 305 

Three  Sisters 

Kaiser 

Lyell 

Morgan 

(lodaard 


Azimuth. 

Back  azimuth. 

LojT- 
distanor. 

o 

/ 

,, 

o 

, 

„ 

M fieri. 

09 

48 

41.16 

249 

33 

51.80 

4.58433S9 

120 

64 

43.33 

300 

40 

31.80 

4.60100*1 

143 

38 

27.25 

323 

29 

17.71 

4.570«3 

305 

02 

47.29 

125 

09 

52.52 

4.33WK)K 

5 

29 

49.98 

185 

28 

23.83  = 

4.5637ZC 

36 

48 

51.25 

216 

42 

52.26 

4.38S68B1 

143 

38 

30.57 

323 

29 

20.79 

4.5706S«> 

285 

33 

44.39 

105 

44 

15.58 

4.42S38H 

326 

36 

13.95 

146 

47 

11.35 

4. 6^736X2 
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BIG  PINE,    INYO   COUNTY,    CAL. 

(Not  occupied.) 
Station  mark:  The  cupola  on  school  in  Big  Pine. 

[  Latitude  a?"  09'  57. 91".     Longitude  1 18»  17'  35. 59".] 


159 


To  station- 


Azimuth. 


I  Back  azimuth,  j     ^j^^oe. 


Split  Mountain 35    34    20.99 

Round 110    29    24.80 

Blacic  Mountain 208    14    55.26 


°  '        "      !  MeUrs. 

215  29  40.59  \  4.2950901 

290  24  21.19  4.1213363 

28  17  23.37  4.1054372 


BISHOP,    INYO    COUNTY,    CAL. 


Station  mark:  The  cupola  on  Methodist  Academy  in  Bishop. 


[Latitude  37°  21'  48.29".    Longitude  US'*  23'  63. 11".] 
To  station-  Azimuth.        '   Back  azimuth. 


Morgan a5    05    26.58        278    53    16.21 

Sheep 221     11    34.11  ,        41     18    09.84 

Black  MounUin i      304    42    42.28  |      124    49    00.79 


Log. 
distance. 


Meters. 
4.4765596 
4.3849933 
4.2722012 


BLACK    MOUNTAIN,    INYO   COUNTY,    CAL. 


On  the  liighest  point  of  Black  Mountain,  a  comparatively  low  moun- 
tain on  the  east  side  of  Owens  Valley  between  Black  Canyon  on  the 
north  and  the  toll  road  on  the  south,  about  15  miles  southeast  of 
Bishop  and  12  mile^  northeast  of  Big  Pine.  Animals  can  be  taken 
to  summit  from  south,  though  it  is  rather  steep.  There  is  a  trail 
up  Black  Canyon  to  an  abandoned  mine  three-fourths  of  a  mile 
from  station.     Collin's  residence  is  near  mouth  of  Black  Canyon. 

Station  mark:  A  rock  cairn  6  feet  in  diameter  at  base  and  8  or  9 
feet  high,  with  tree  in  center;  triangulation  tablet  under  center  of  tree. 

[  La  titude  37"  16'  02. 12".     Longitude  lia»  13'  28. 72".] 


To  station- 


.\zimutn. 


Split  Mountain 32  44  32. 20 

Round : 70  19  33.80 

Morgan 108  59  56.83 

Ileckla 140  17  52.94 

White  Mountain  Soutli 176  13  52. 81 

Sheep 181  17  14.31 

Piper 239  00  19.49 

BlueDick 244  30  31.69 

WhiteTop 268  00  08.56 

Gold  Mountain 270  52  06. 99 

Waucoba 324  33  01.22 


Back  azimuth. 


212  37 

250  12 

288  41 

320  06 

356  12 

1  17 

59  11 

64  53 

88  19 

91  25 

144  40 


23.61 
01.66 
28.57 
20.01 
46.23 
30.38 
06.24 
38.05 
14.31 
31.52 
53.89 


Log. 
distance. 


Meters. 
4.5110832 
4.2915272 
4.6769728 
4.6526073 
4.6111148 
4.4612513 
4.4869608 
4.7932844 
4.6687104 
4.9117079 
4.5232682 
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CRATER,    INYO   COUNTY,    CAL. 

On  a  small  red  hill  with  crater  in  center,  between  Tinnemaha  and 
Taboose  creeks  and  west  of  the  road  between  Independence  and  Big 
Pine.     Animals  can  be  ridden  to  summit. 

Station  mark:  A  cairn  about  5  feet  high 

[Latitude  37*  01'  45. 14".    Longitude  118«  17'  15. 83".] 


To  station- 


AKlmuth. 


Back  azimuth-  '     ^^^„ 


i 


SpUtMountain 85  47  37.70  1 

Round 147  05  42.24 

Black  Mountain 191  57  31.68 

Independence l  342  27  37.89 


265  42  47.06 

327  00  28.39 

11  59  48.83 

162  30  49.50 


Meteri. 
4.a77WM 

4.3730474 
4.431«aS 
4.4189661 


DARWIN,    INYO   COUNTY,    CAL. 

(Not  occupied.) 
[Latitude  37°  lO'  01. 88".    Longitude  118"  40'  17.34".] 

Testation—  Azimuth.       !   Back  azimuth.        dirtanise 

ThreeSistere 85    24    33.45'      265    10    28.40'  4.53B610B 

Silver 137    27    48.71  i      317    15    06.64,  4w6S9S17S 

Morgan ,      168.  30   32.SL  [     ZiH   28    21.32  ^         4.4SUS4S 

DOUBLE,  INYO  COUNTY,  CAL. 

(Not  occupied.) 
This  is  a  very  prominent  peak,  and  the  highest  point  was  located. 

[Latitude  37°  33'  30.21".    Longitude  IIS*'  54'  23.76".] 

To  station—  I       .\zimuth.  Back  azimuth.        <ii^2« 

j  °  '  "      ,        °  '        "I  MeteT9. 

Silver I  45  01  54  44  224  57  44.39  '  4.1541539 

Brtldy 216  18  6a03          36  26  14.12  4. 4706M3 

Morgan 318  07  3a  50  138  13  52L56  ,  4.3&4138B 


INDEPENDENCE,  INYO   COUNTY,  CAL. 

Station  mark:  The  cupola  on  court-house  in  Independence 

[Latitude  36°  48'  la  33".     Longitude  118°  11'  5a  80".] 
To  station-  - 


Azimuth. 


Williamson i       31    20    3a  42 

Crater 162    30    4a  50 

Keynot I      296    34    Sa  74 


Back  asimuth. 


Log- 
distance. 


Meun. 

211     16    3a  48  4.3S3N66 

342    27    37.89  ,  4. 418969 

116    43    22.33  4.3752«5 
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KEYNOT,  INYO   COUNTY,  CAL. 

On  highest  point  of  mountain  on  east  side  of  Owens  Valley,  about 
16  or  18  miles  northeast  of  Lone  Pine  post-office,  by  road  and  trail. 
The  trail  from  Lone  Pine  to  Keynot  mine  crosses  ridge  about  2  miles 
south  of  point.     Animals  can  be  taken  to  signal. 

Station  mark:  A  rock  cairn  8  feet  high  with  tree  in  center. 

[L4ititude  36°  42^  28.02".    Longitude  117°  57'  41.90".] 


To  station—  Azimuth. 

o  /  // 

Olancha 15  55  49.03 

Whitney 64  13  37.07 

Williamson 79  42  21.24 

Split  Mountain 130  25  29.22 

Waucoba l  173  22  ia33 


Back  azimuth. 


195 

50 

15.38 

244 

01 

4&67 

'259 

29 

5a  89 

310 

08 

55^38 

353 

20 

4a  94 

Log. 
distance. 


Meters. 
4.7078290 
4. 5154617 
4  5011643 
4.7307221 
4.5455821 


MORGAN,  INYO   COUNTY,  OAL. 

On  highest  part  of  high  mountain,  on  east  side  and  near  source  of 
Rock  Creek.  A  rock  cairn  was  found  on  this  mountain,  probably  of 
Wheeler  Survey  in  1878.  There  is  a  trail  from  J.  L.  C.  Sherwin's 
ranch  in  Round  Valley  to  source  of  Rock  Creek.  Another  trail  goes 
from  same  place  to  Rickey's  ranch  in  Long  Valley,  and  trail  up  Mono 
Creek  crosses  range  and  intersects  above-mentioned  trails.  This  is 
the  only  mountain  in  the  vicinity  visible  from  Conness.  Cairn  was  in 
good  condition  and  was  not  disturbed. 

Station  mark:  Triangulation  tablet  cemented  in  large  fl^t  rock,  dis- 
tant 10.2  feet,  azimuth  72°  33',  from  cairn  of  Wheeler  Survey. 


[Latitude  37°  24'  20.14".     Longitude  118°  43'  56.04".] 
Azimuth. 


To  station— 


Back  azimuth         ^,Jj»8„. 


Ood< 


i£ird' 


Thrpe  Sisters 44 

Silver 105 

Lyell 128 

Conness 140 

Baldy 182 

W^hite  Mountain,  north 214 

Heckla 

White  Mountain,  south 

Black  Mountain 288 

Waucoba 303 

Round 309 

Split  Mounteln 327 

Sheep 253 


53  05.52  , 

44  15. 58 

05  4L28  ' 

24  24.56 

50  4&38 

29  1&27 

220    03  25l98 

48  03.66 

41  28.57 

15  12.77 

27  08.48 

02  43.14 

15  49.1 


358  01  28.67 


224  41 
285  33 
307  45 
320  02 
3 

34 

40 

59 
108 
123 
129 
147 

73 


ia6i 

44.39 

58.78  ! 

49.62 
00  41.92 
43  04.27 
10  0&  14  I 
05  29.89  I 
59  56.83 
41    31.37 

38  oai2 

13  59.01  1 
34  3a83 
178  01  57.03 


Meters. 
4.  6157891 
4.4233811 
4.7805563 
4.9091556 
4.6136960 
4.7666392 
4.  3991161 
4.6923306 
4.  6760728 
4.8873537 
4.5377405 
4.  7057157 
4.6769802 
4.5257589 


OLANCHA,  INYO  AND  TULARE  COUNTIES,  CAL. 

Highest  peak  on  range  southwest  of  Owens  Lake.  Can  be  easily 
ascended  from  the  Monache  Meadows  on  South  Fork  of  Kern  River. 
Animals  can  be  ridden  almost  to  timber  line;  thence  very  good  walk- 
ing to  summit.  Point  was  used  by  Wheeler  Survey,  as  a  small  rock 
cairn  was  found  on  highest  point. 
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Signal:  Rock  cairn  7  feet  in  diameter  at  base  and  10  feet  high  was 
erected  at  same  point. 

Station  mark :  A  triangulation  tablet  cemented  in  rock  at  center  of 
cairn. 

[  Latitude  36*»  15'  55.67".     Longitude  118°  07'  03.00".] 


To  station— 


I       Azimuth. 


Back  azimuth.      ^^ 


Mahogany 24  12  42.16  1  204  07  53.77 

Blglfeadows 27  10  05.78'  207  (fi  28.90 

Kem 107  33  4141  287  27  4L77 

Florence 112  03  1431  291  47  5L25 

Kaweah  Mountain 131  57  46.73,  311  44  57.01 

Whitney 155  54  3a34  335  48  18.76 

Keynot 195  SO  15.38  15  55  4a03 

Sunday 38  16  3a85  i  218  00  ia70 


Md€Tt 

i6S2«B 

4.  mm 

i63751£ 

4  7(r8» 

4S332SI5 


PALISADE,  FRESNO  AND   INYO   COUNTIES,  CAL. 

(Not  occupied.) 

North  Palisade,  or  Mount  Jordan,  divides  the  waters  of  Big  Pine 
Creek  and  Palisade  Creek,  the  former  flowing  into  Owens  River,  the 
latter  into  Middle  Fork  of  Kings  River.  Highest  point  north  of 
Split  Mountain  and  probably  higher  than  latter.  Very  diflScult  to 
climb.     Best  reached  up  Palisade  Creek. 

Station  mark:  Highest  point  on  mountain. 


[Latitude  37°  05'  40.45".    Longitude  118°  30'  49.68".] 


To  station- 


Azimuth. 


Back  azimuth. 


Lop. 
dbtaqpF. 


Ooddard I  93  08  2Cl77  273  01  Oa70 

Morgan '  150  45  15.18  330  37  19130 

Roimd 209  58  09.31  30  01  06.71 

Split  Mountain i  314  49  2ft 21  ,      134  52  48.78 


MftfTt 

4jsn*i 
4»:iK 

41613* 


PINCHOT,  FRESNO  AND   INYO    COUNTIES,  I'AL. 

A  round-topt  red  mountain  about  8  miles  down  (south)  the  m«UD 
crest  of  the  Sierras  from  Split  Mountain,  and  probably  the  highet^t 
point  between  the  Kearsarge  Pass  and  Split  Moimtain.  It  is  ako 
called  Red  Mountain. 

Station  mark :  The  highest  point  of  mountain. 


[  Latitude  36°  56'  51.75' .     Longitude  118«»  24'  17.21".] 


To  station- 


Azimuth. 


Back  azimuth. 


i  o  ,            ,,        I  o  .  . 

split  Mountain 109  28  42.71  349  28  05.83 

Waucoba I  256  44  35.37  1  76  58  5a  45 

Keynot 303  49  32.801  124  05  2SL04i 

Whitney 346  03  52L24  166  07  5a  65  ! 


Log. 
d\suan. 


4»fr' 

4.«:s3e 
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PIPER,   INYO   COUNTY,    CAL. 

On  highest  point  of  range  of  low  mountains  between  Fish  Valley 
and  Deep  Spring  Valley,  on  the  east  side  and  about  1  mile  distant 
from  road  between  Big  Pine  and  Oasis  and  about  7  miles  from  latter. 
Animals  can  be  tak^i  within  a  short  distance  of  summit. 

Station  mark:  A  triangulation  tablet  cemented  in  rock  under  center 
of  cairn  9  feet  high. 

(Latitude  37«  24' 33.39".    Longitude  U7<»  65' 39.06".] 


To  station- 


Waucoba 

Black  Mountain. 


Azimuth. 


Sheep 

White  Mountain  South. 


Boundary  poet  74 1      205 

Boundary  post  75 228 

BlueDick 

Magruder 

wBteTop 305 


9  22 

59  11 

117  15 

130  53 


33 

20 
I   250  00 

06 


19.54 
08.24 
12.24 
56.41 
23.55 
26.76 
44.76 
21.55 
30.66 


1 
Back  azimuth. 

o 

189 

19 

26.05 

239 

00 

19.49 

297 

04 

37.65 

310 

41 

58.24 

25 

35 

17.27 

48 

23 

35.98 

.      70 

13 

03.73 

89 

50 

15.96 

125 

14 

49.43 

Log. 
distance. 


Meiers. 
4.6388914 
4.4860603 
4.4595886 
4.5820240 
4.027L048 
4.0101962 
4.5015097 
4.5276844 
4.3937678 


ROUND,    TNYO   COUNTY,    CKL. 

On  a  roimd,  bald  point  about  10  miles  west-northwest  of  Big  Pine 
and  on  east  side  of  Coyote  Valley.  A  trail  goes  from  Big  Pine  up 
Baker  Creek  to  Coyote  Valley.     Animals  can  be  ridden  to  summit. 

Station  mark:  A  cairn  about  7  feet  high,  122  feet  south  of  highest 
point  of  mountain.  Cairn  is  probably  a  comer  on  forest,  reserve  line 
and  was  not  disturbed. 


[Latitude  37"  12'  27.77".    Longitude  118°  25'  65.91".] 
To  station— 


I 


Azimuth. 


Moisan 

Black  Mountain. 

Waucol)a 

Split  Mountain.. 


129 
250 
296 
357 


03.12 
01.66 
08.81 
31.89 


Back  azimuth. 


309  27  08.48  , 

70  «19  33.80  I 

118  43  32.04  i 

177  26  64.46 


Log. 
distance. 


Meters. 
4. 5377405 
4.2915272 
4.63.36966 
4.3163237 


8HEBP,    INYO   COUNTY,    CAL. 

On  the  highest  point  of  southeastemmost  of  two  high  red  peaks  at 
the  source  of  Piute  Creek.  Can  be  reached  by  same  trail  that  goes 
to  White  Mountain  South  station,  except  that  one  travels  south  after 
reaching  summit  of  ridge. 

Station  mark:  A  triangulation  tablet  set  in  loose  rock  under  center 
of  a  cairn  7  feet  high. 

[Latitude  37"  31'  40.09".    Longitude  118°  13'  02.25".] 


To  station - 


Black  Mountain 

Bishop 

Morgan 

White  Mountain  South 

Piper 

Bull.  310-07 12 


Asimuth. 

Back  azimuth. 

Log. 
distance. 

o 

1 

o            /              // 

Meters. 

1 

17    30.38 

181'   17    14.31 

4. 4612513 

41 

18    09.84 

221     11     34.11 

4.3849933 

73 

34    36.83 

253     15    49.17 

4. 6769802 

l'>4 

16    27.53 

344    15    04.62 

4.0S98619 

297 

04    37.65 

117     15    12.24 

4.  4515886 
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TOM,    INYO   COUNTY,    CAL. 

(Not  occupied.) 

On  the  highest  pomt  of  Mount  Tom,  a  well-known  mountain  on  the 
we^t  side  of  Round  Valley;  not  difficult  to  climb. 
Station  mark:  A  small  cairn. 


[Latitude  37°  20'  19.70". 

Longitude  US'*  39^  23.01".] 

To  station- 

Azimuth. 

Back  azimuth. 
238    27    11.11 

Log- 
distance- 

Three  Sisters 

o         /           n 

58    41     50. 70 

Utiers. 

4.ii2301 

Morgan          

137    50    13.72 
227    07    33.67 

317    47    28.00 
47    22    15.39 

4.0001^ 

White  Mountain  South 

A.WBm 

WAUCOBA,    INYO   COUNTY,    CAL. 

On  highest  point  in  range  of  mountains  about  20  miles  northeast 
of  Independence.  There  is  a  wagon  road  from  Citrus  up  Mazurka 
Canyon  to  its  head,  theTi^M^  trail  about  2  miles  east  to  a  spring, 
which  is  only  water  in  vicinity.  The  mountain  can  be  seen  northeast 
from  ridge  where  trail  crosses  just  before  going  down  to  spring,  but 
signal  is  not  in  view.  Station  is  3  miles  from  spring  and  can  be 
reached  on  horseback.  There  is  little  grass,  but  by  letting  animals 
range  north  and  east  they  can  get  along  fairly  well. 

Station  mark:  A  cairn  12  feet  high.  All  trees  were  cut  or  burned 
from  summit  of  the  mountain. 


[Latitude  37°  01'  19.76".    Longitude  118°  00'  25.90".] 


To  station- 


Whitney 

Williamson 

Split  Mountain 

Round 

Morgan 

Black  Mountain 

White  Mountain  South 

Piper 

Montezuma 

White  Top 

Gold  Mountain 

Keynot 


Azimuth. 


27  21  35.89 

33  46  05. 70  I 

57  51.70  1 

43  32.04 

41  31.37  ' 

40  53.89  , 

162  09  37.92  ' 

180  19  26.05 

217  16  02.41 

223  33  00.76 

247  30  26.42 

353  20  40.94 


89 
118 
123 
144 


Back  azimuth. 


207  11  23.12 

213  35  10.92 

269  42  52.99 

296  28  08.81 

303  15  12.  n 

JiA  33  01.22 

342  00  36.84 

9  22  19.54 

37  30  33.03 

43  44  10.54 

67  55  52.73 

173  22  19-33 


dtb'anoe. 


Mcttf 

4.743rtt 

4.688-.1 

4- 5609 J 

4.633Q; 

4.88735, 

4.5a32fi' 

4.8538fr. 

4.63S8(^ 

4.9733^ 

4.598304^ 

4.8288721 

4.545582. 


THREE   SISTERS,    FRESNO   COUNTY,    CAL. 

On  the  south  end  of  summit  of  the  Three  Sisters.  Can  be  reached 
by  trail  between  Shaver  and  Blaney  Meadow  (or  Hot  Springs). 
Leave  trail  at  large  meadow  between  Red  Mountain  and  Potato  Hill, 
traveling  southeast.  At  foot  of  mountain  on  northeast  side  is  a 
small  meadow  with  running  water.  Animals  can  be  taken  nearly  to 
summit  from  south  to  southeast. 
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Station  mark:  A  bronze  triangulation  tablet  set  in  loose  rock  with 
a  cairn  built  over  it  3  feet  in  diameter  at  base  and  3  feet  high. 

[Latitude  37*  08'  29,64".    Longitude  n9*»  03'  36.50".] 


To  station- 


Azimuth. 


Back  azimuth. 


Kaispr I  146  55  46.14; 

Silver 185  28  23.83 

Morgan 224  41  10.61  I 

Goddard 277  61  06.29 

Bi|?Shuleye 1  126  27  36.30, 

Sllliman 329  28  41.38; 

Spanish  (preliminary) 329  37  29.39 

Baldy 342  58  38.44  | 


326 
6 
44 
98 
306 
149 
149 
163 


14.47 

49.98  1 
05.52  I 

25.99  I 
15.24 
47.00 
36.33  , 
03.75  1 


Log. 
distance. 


Meters. 
4.3069355 
4.5637231 
4.6157891 
4.4856065 
4.6014723 
4.8062703 
4.4747072 
4.7358215 


WHITE   TOP,    INYO    COUNTY,    CAL. 

On  summit  of  white-topped  mountain  about  6  miles  up  ridge 
(southeast)  from  Last  Chance  Mountain.  The  nearest  water  is  at 
Willow,  which  is  7i  miles  from  Pigeon  Springs,  a  well-known  point  on 
the  Oasis-Lida  road.  There  is  no  forage  in  the  country;  a  wagon  can 
be  taken  to  Willow.Spring,  and  animals  can  be  ridden  from  that  place 
to  summit  by  going  up  ridge  and  keeping  on  the  divide. 

Station  mark:  A  triangulation  tablet  set  in  loose  rock  under  center 
of  cairn  6  feet  high. 

(Latitude  37°  16'  S0.Ci5".    Longitude  1 17«  41'  .'i6.80".] 


To  station- 


Azimuth. 


I 


Waucoba 43  44  10.54 

Black  Mountain 88  19  14.31 

Piper 125  14  49.43 

White  Mountain  South 128  45  45.34 

BlueDlcIc ,  200  59  12.38 

Magruder i  223  02  13.54 

Oold  Mountain 274  59  44.33 


Back 

azimuth. 

Log. 
distance. 

o 

/ 

,/ 

Meiers. 

223 

33 

00.76 

4.5983045 

268 

00 

08.56 

4.6687104 

30) 

06 

30.66 

4. 3937t>78 

308 

25 

28.17 

4.7988824 

21 

03 

10.06 

4. 4287747 

43 

07 

46.12 

4.2956894 

95 

14 

03.60 

4.5453611 

WHITNEY,   TULARE    AND   INYO   COUNTIES,    CAL. 

Station  is  on  the  highest  point  of  Mount  Whitney.  Peak  is  at 
source  of  Crabtree  Creek  as  given  by  old  Sierra  Club  map  (but  Whitney 
Creek  on  most  recent  edition)  and  Lone  Pine  Creek.  Whitney  Creek 
flows  into  Kern  River.  There  is  a^good  trail  from  Lone  Pine  post-office 
to  summit  of  peak  and  another  trail  from  Kern  River  up  old  Whitney 
or  Volcano  Creek  to  its  source,  thence  over  ridge  to  Rock  Creek, 
thence  over  ridge  to  Whitney  Creek,  thence  up  creek  to  foot  of  moun-  . 
tain.     Elevation,  14,499  feet  above  mean  sea  level. 

Station  mark:  A  triangulation  tablet  cemented  in  rock  under  center 
of  a  cairn  8  feet  high. 
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(Latitude  36°  44'  44.14".     Longitude  118°  17'  28.84".] 


To  station- 


Azimuth. 


BiK  Meadows 2  55  30.58 

Florence 50  32  40.ft5 

Kaweah  Mountain 70  49  52.86  I 

Brewer 129  52  34.57' 

(Joddard 146  52  26.30, 

Split  Mountain 166  41  37.36  1 

WiUlamson 168  40  29. 09  ' 

Waucoba 207  U  23.12  1 

Keynot i  244  01  48.67  1 

Olancha 335  48  18. 76 

Kern : 350  17  41.07 


lack 

azimuth. 

Log. 
ditt&nce. 

o 

, 

,. 

Mcttn. 

182 

54 

03.07 

4.  861517$ 

230 

23 

26.66 

4.47S23* 

250 

43 

laoi 

4.247aftai 

309 

45 

39.25  , 

4.3522874 

326 

37 

02.71 

4.8426164 

346 

36 

56.01 

4.7D281U 

348 

39 

47.84 

3.94]Sa« 

27 

21 

35.89  1 

4.743e21« 

54 

13 

37.07  1 

4.5154617 

155 

54 

30.34 

4.5fi\vn\ 

179 

17 

49.85 

4.4767457 

WILLIAMSON.    Tl'LARE    AND   INYO    COUNTIES,    CAL. 

(Not  orcupiod.) 

On  the  highest  pohit  of  Mount  Williamson,  a  well-known  mountain 
about  5  miles  a  little  west  of  north  from  Mount  Whitney.  The  moun- 
tain can  be  climbed  from  either  side,  but  animals  can  not  be  taken  to 
summit. 

Station  mark:  The  higher  of  two  cairns. 

[Latitude  ^o  3/  •22.3V'.     longitude  118«»  18'  37.99".] 


To  station- 


Azimuth. 


Back  azimuth. 


Split  Mountain ,  166  16  00.70  346  12- 00. 57 

Waucoba ! !  213  35  10.92  1  33  46    05.70 

Keynot 259  29  50.89  1  79  42    21.24 

Whitney j  348  39  47.84  1  168  40    29.09 


Log. 
distaocF. 


4-fQ0i:K 
4.6*^.2; 

4.50Uf43 


BALDY,    MONO   COUNTY,    CAL. 


On  the  northwestern  of  two  high  points  on  mountain  locally  knov^n 
as  Baldy,  almost  10  miles  a  little  south  of  west  of  Benton  post-office 
and  store,  on  east  side  of  Long  Valley.  It  can  be  reached  by  road  and 
trail  either  from  Benton  or  Long  Valley.  This  is  the  highest  j>oint  in 
the  range  between  the  Sierras  and  White  Mountains  and  probably 
about  10,000  feet  above  sea.     Animals  can  be  taken  to  summit. 

Station  mark:  A  cairn  6  feet  in  diameter  at  base  and  8  feet  high, 
with  tree  in  center  and  triangulation  tablet  cemented  in  rock  under 
center  of  tree. 

[Latitude  o7°  4ti'  3l".00    Longitude  118*>  42'  28.27".] 


To  station- 


Morgan  

Lyell 

Coniipss 

TTorsp 

White  Mountain  North. 
White  Mountain  South  . 
Ilcckla 


Arimuth. 

Backanmuth. 

Log. 

distant*". 

0 

/ 

., 

o 

. 

» 

MHert. 

3 

00 

41.92 

182 

59 

48.  3H 

4.61>^<i 

85 

37 

47  22 

265 

17 

06.03  1 

4.697013> 

111 

45 

56.12 

291 

23 

22.03  ' 

4.763»x=i 

158 

41 

.58.00 

338 

38 

15.64 

4.3SR1*24 

Z57 

02 

a5.63 

It 

15 

01.28 

4.5D172C 

291 

14 

13.31 

111 

30 

5a25  , 

4.6322:^17 

327 

23 

11.08 

147 

28 

59.28 

4.41J9MS 
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CASTLK    TKAK,    MONO    COl'NTY.    CAL. 

(Not  occupied.) 

A  high  mountain  north  of  Conness. 
Station  mark:  A  small  cairn. 

[Latitude  38°  03'  53.91".     Longitude  ll»*»  16'  25.04".] 
To  station — 


167 


Azimuth. 


Baclc  azimuth.       ^^^og.^^ 


Horse 282    56    07.78 

Baldy 302    42    08.89' 

Conness 20    52    19.21 


°  '        "  Meter*. 

103  13  19.27  4.6225526 

123  03  00.60  1          4.7725734 

200  50  35.01  :          4.0641384 


HORSE,    MONO   COUNTY,    CAL. 

On  the  highest  point  of  a  sagebrush  ridge  about  5  miles  east  of 
Mono  Lake  and  about  10  miles  north-northwest  of  Dexter  Meadows, 
on  road  between  Benton  and  Crater  Lake  post-office.  There  is  no 
feed  nor  water  closer  than  Dexter  Meadows.  A  small  spring  about 
3  miles  south,  but  not  sufficient  water  for  camp.  Animals  can  be  rid- 
den anywhere  in  this  country. 

Station  mark:  A  triangulation  tablet  cemented  in  rock  under  center 
^of  cairn  9  feet  high. 

[Latitude  37o  58'  46. 14".     longitude  1 18°  48'  .>0.44".] 


To  station- 


Azimuth. 


Back  azimuth. 


Log. 
d  I. stance. 


Lyell 56  57  56.53 

Conness 88  26  54.14 

White  Mountain  North 291  17  08,39 

Baldy 338  38  15.64 


o 

' 

" 

Meters. 

236 

40 

54.76 

4.6868437 

268 

07 

59.79 

4.6534201 

111 

33 

48.34 

4. 63a5132 

1.58 

41 

M-OO 

4.  .386 1824 

-HECKLA,  MONO    COUNTY,  CAL. 

On  a  high  rocky  hill  (not  mountain),  about  20  miles  northwest  of 
Bishop.  There  are  a  great  many  mines  or  prospects  in  the  hill,  sev- 
eral of  which  are  owned  by  J.  L.  C.  Sherwin.  Road  from  Bishop  to 
JjOii\^  Valley  passes  about  2  miles  south  of  point  where  first  timber  is 
reached ;  thence  there  are  several  wood  roads  to  foot  of  hill.  Animals 
can  be  taken  within  200  feet  of  point  on  northwest  side,  but  thence  up 
it  is  very  rough.  No  available  water  or  food  near.  Owens  River  is 
not  more  than  6  miles  south,  but  it  is  difficult  to  get  down  to  water. 

Station  mark:  A  triangulation  tablet  cemented  under  rock  under 
center  of  tree,  with  small  cairn  around  it  on  highest  rock  on  hill. 

[Latitude  37°  34' 42" .00    Longitude  118°  32' 58..5S".] 
To  station—  Azimuth.        I   Baclc  azimuth. 


If  organ 

Baldy 

White  Mountain  South . 
Blaclc  Mountain 


40  10  06.  14 

147  28  .tO.  28 

25<i  2Ji  2{\m 

320  06  02.01 


220  03  25.98 

327  23  11.08 

76  37  ia77  1 

140  17  52.94  ' 


Log. 
distance. 


Meters. 
4.  .3991 161 
4.  413W48 
4.  42T24-20 
4.  (i52tJ073 
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LYELL,  MONO    COUNTi',  CAL. 

At  end  of  Tuolumne  Meadows,  14  miles  southeast  of  Soda  Springs. 
The  south  side  a  nearly  perpendicular  wall,  the  north  a  series  of 
meadows  until  glacier  is  reached ;  the  east  and  west  sides  rather  steep. 
The  highest  point  is  a  short  sharp  ridge,  about  200  yards  long,  running 
northwest  and  southeast,  the  northwest  end  being  the  lower. 
Ascended  from  head  of  Lyell  Fork  and  northeast  side  of  peak. 

Station  mark:  Small   stone    monument;   ''U.S.G.S.^'   chiseled  on 
rock  east  of  it. 

[Latitude  37*»  44'  23.13'.    Longitude  119*  16'  15.30*.] 


To  station— 

1       Axlmuth. 

Back 

azimuth. 

09    45.17 

57  56.53 

37  47.22  i 
44    27.83 
05    4L28 

38  3a57 
16    36.00 
41    04.96  1 

58  32.37 
57    27.71 
28    12.89 
01    13L3S 

distaiKp. 

Conness 

o 
170 

11 

40 
17 
07 
45 
29 
13 
46 
03 
03 
37 
50 

34.84 
54  76 
0&03 
12.03 
6&78 
20,79 
27.41 
4a  27 
35.82 

ia4i 

00.01 
22.02 

o 

3S0 
56 
85 
97 
128 
143 
171 
197 
231 
250 
299 
14 

Mrters. 

4.«i8azn 

Horse 

Baldy 

White  Mountain  South 

236 

265 

1      277 

4.6970136 
4.9599^ 

Morgan 

Silver 

307 

1      323 

4.78D5tf3 
4.57Q6aC 

Kaiacr 

BigShuteye... 

'      351 

17 

4.eft9$7S 
4.65n5M 

Red 

Clarks  i'eak 

Hoffman 

Dana 

r. 

62 

71 

119 

193 

1 

4.1S822M 
4.I654SI« 

4.3^36744 

MONO,  MONO   COUNTY,  CAL. 

(Not  occupied.) 

0 

Station  mark:  The  highest  point  of  Crater  Mountain,  near  Crater 
post-office. 

[Latitude  37*'  52'  42.26".    Longitude  119*>  00'  23.41".] 


To  station- 


Azimuth. 


Back  azimuth,   i     ^iiS*. 


Conness •. 109    46    14.98 

Horse '      237    08    4L29 

Baldv 293    26    Oa  44 


«  '        "  Mtiert. 

289  34  4ail  4.4 

57  15  5a  54  4.311BSS 

113  36  »L80  4.457S31» 


MONUMENT,  MONO   COUNTY,  CAL. 

(Not  occupied.) 
[Latitude  37°  48'  09.48".    Longitude  118«  20'  41.20".] 


To  station- 


Azimuth. 


Back  azimuth. 


Baldy I        84    41    17.11 

White  Mountain  North '      165    48    ia64 

White  Mountain  South I      337    00    la  44 


distanor. 


°  '        "  MeteT9. 

264  27  5&20  ,  4.5066«4 

345  47  5a  95  a  61»5M 

157  03  31.05  t  4.3 
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WHITE    MOUNTAIN    NORTH,  MONO   COUNTY,  CAL. 

A  point  located  by  the  Coast  and  Geodetic  Survey  and  also  occupied 
by  the  Wheeler  Survey.  No  signal  was  found  in  1905,  except  a  small 
pile  of  rocks,  probably  left  by  members  of  the  Wheeler  Survey. 

Station  mark:  A  large  cairn  erected  over  small  rock  pile  of  Wheeler 
Survey. 

[Latitude  37°  SO'  20.15".    Longitude  118«  21'  22.95".] 


To  station— 


Morgran 

Baldy 

Conness 

Uorse 

White  Mountain  South 

Mount  Grant 

Carson  Sink 

Toiyabe  Dome 

Lone  Mountain 

White  Pine 


Azimuth. 

Back  azimuth. 

4 

Log. 
distance. 

o 

/ 

,/ 

O 

/ 

" 

Melert. 

34 

43 

04  27 

214 

29 

ia27 

4.7666302 

77 

15 

01.28 

257 

02 

0&63 

4. 5017243 

09 

50 

2L87 

279 

14 

49.46 

4. 9344715 

111 

33 

4&34 

291 

17 

0&39 

4  6305132 

338 

29 

12.76 

158 

32 

56l00 

4  3871739 

155 

02 

03.90 

334 

45 

50.70 

4  9527523 

183 

05 

17.80 

3 

09 

51.60 

512876628 

218 

11 

31.10 

38 

48 

52.90 

5.1492056 

254 

31 

3&60 

75 

03 

27.40 

4  8953334 

257 

05 

5a  50 

78 

51 

3a  30 

&  4084214 

WHITE    MOUNTAIN    SOl'TH,  MONO   COUNTY,  CAL. 

A  point  located  by  the  Coast  and  Geodetic  Survey  on  the  highest 
summit  of  the  White  Mountain  Range.  It  is  best  reached  from 
Bishop  by  following  the  wagon  road  to  Kellogg's  ranch,  a  distance  of 
10  or  12  miles,  thence  along  trail  up  Piute  Creek  to  a  cabin  at  end  of 
old  wagon  road,  thence  up  a  creek  0.25  mile,  thence  along  trail  up  the 
ridge  nearly  to  summit  of  peak. 

Station  mark:  A  cairn  13  feet  in  diameter  at  base  and  13  feet  high. 


(Latitude  37'*  38^  04.07".    Longitude  118°  16^  18.20".] 


To  station- 

Ki 

imuth. 

18    0a46 
05    2a89 
37    ia77 
44    27.83 
30    50.25 
49    04.10 

32   5aoo 

52  07.86 
23    45.73 
27    53.08 

25  28.17 

41  58.24 
00    3a84 
12    46.23 
29    4a90 

26  0&50 

53  4a  40 

42  2a  40 

Back  azimuth. 

192    12    05.44 

238    48    03.66 

256    26    26i60 

277    07    12.03 

291     14    ia31 

291    09    53.00 

338    29    12.76 

85    24    53.55 

103    48    04.67 

117    02    32.64 

128    45    45.34 

130    53    5a  41 

162    09    37.92 

176    13    52.81 

0    28    29.60 

30    59    3a70 

57    21    49.20 

73    24    04.40 

Log. 
distance. 

Split  Mountain ^ 

o 

12 
50 
76 
97 
111 
111 
158 
264 
283 
296 
308 
310 
342 
356 
180 
210 
236 
251 

Meters. 
4.8428852 

llorRan 

4.6923306 

Heckla 

4.4272420 

Lyell 

4.9550946 

Baldv..           

4.6322517 

Conness 

&  0037076 

White  Mountain  North 

4.3871739 

Montezuma 

4.8963360 

Blue  Dick 

4.7811244 

Gold  Mountain 

4.9738652 

White  Top 

4.5826240 

Piper 

4.5826240 

Waucoba 

4.8538027 

Black  Mountain 

4.6111148 

Carson  Sink 

4. 8157908 

Toiyabe  Dome ' 

5.1895008 

Ixine  Mountain ..             

4.9019728 

White  Pine 

5.4041605 
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Bin    MEADOWS,  TULARE   COUNTY,  CAL. 

The  highest  point  on  range  between  Kern  River  and  South  Fork  of 
Kem  River,  about  25  miles  northeast  of  Kernville  along  the  Mount 
Whitney  trail. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  a  lai^ 
bowlder,  over  which  is  erected  a  cairn   6  feet  high. 

[  Latitude  35*  55'  28.61".     Longitude  118°  W  5tt.81".] 


To  station- 


Florence 

Wliltney ,      182 

Kern '      — 

Olancha 

Mahogany 

Pahute 

Breckinridge 

Sunday 

Moses 


Azimuth. 

Back  azimuth.  | 

Log. 
distance. 

o 

/ 

» 

o 

, 

„ 

M&ert. 

159 

55 

5a  35 

339 

48 

1&67 

4.7553«i5 

182 

54 

oao7 

2 

55 

3a  58 

4.  8S15i:S 

185 

26 

27.52  1 

5 

28 

03.46  1 

4.6317012 

207 

02 

29.90 

27 

10 

05l78 

4.63S3«0 

213 

58 

12.72 

34 

01 

oao4 

4106D172 

5 

46 

09.34 

185 

44 

0&62  : 

4.7224570 

23 

25 

2a  77 

20$ 

16 

37.60 

4.7575686 

55 

21 

1&81 

235 

12 

24.95 

4.4420184 

141 

33 

04.62 

321 

20 

4a  63  i 

4.7013414 

BREWER,    TULARE    COUNTY,    CAL. 

Highest  point  of  Mount  Brewer,  a  prominent  mountain  at  source 
of  Brewer  Creek;  rather  difficult  to  climb.  Sharp  peak  at  summit 
is  used  for  signal. 

Station  mark:  A  caini. 

[  Latitude  36°  42*  31.67".     Longitude  118«  29^  04.70".] 


To  station - 


Azimuth. 


Back  azimuth.  '     ^Jj^. 


Goddard 154  33  01.05 

Split  Mountain 189  09  3a  34 

Whitney 309  45  3a25 

Kaweah  Mountain 358  16  31.93 


334  24  3a96  , 

9  11  54.05  I 

129  52  34  57 

178  16  4&53  I 


MeUrt. 
4.6859823 
4.5455^ 
4.3522^74 
4.3063797 


FLORENCE,    TULARE    COUNTY,    CAL. 

Mount  Florence  is  the  highest  point  east  of  Farewell  Gap,  about  6 
miles  southeast  of  Mineral  King,  at  headwaters  of  Middle  Fork  of 
Kaweah  and  Little  Kem  rivers. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid 
rock,  surmounted  by  a  cairn  6  feet  high. 

L  Latitude  36°  24'  23.05".     Longitude  118°  33'  C0.85".] 


To  station - 


AKimuth. 


Back  azimuth.  I     ^is^Sce. 


Kaweah  Mountain '  205  57  Oa  40 

Whitney 230  23  2a66 

Olancha 291  47  51.25 

Kern 294  33  4a96 

Maliogany 328  00  03.75 

Big  Meadows 339  48  1(167 

Sunday 2  32  3L46 

Moses 39  35  55.38 

Baldy 134  54  42.41 

Silliman 153  37  laOl 


o 

, 

„ 

Mttera. 

25 

50 

35.31  1 

4.17CK0K 

50 

32 

4a  95 

4.478^35 

112 

03 

14.31 

4.6230191 

114 

43 

02.25  1 

4.414«e; 

148 

10 

35.24  1 

4.7033^8 

150 

55 

5a  35 

4.75S3B«S 

182 

31 

iaa9 

4.8406Sn 

219 

31 

17.76 

4.2639tB4 

314 

42 

5L70 

4.6217913 

333 

31 

5&75 

4.46g7S» 

Digitized  by  VjOOQIC 


CALIFORNIA NEVADA. 


171 


KAWEAH    MOUNTAIN.  TiaARE   CorNTV,  CAh. 

On  easternmost  and  only  flat-topped  mountain  of  the  Kaweah  group. 
At  the  source  of  Chagoopa  Creek,  a  tributary  of  Kern  River.  Best 
reached  by  Chagoopa  Creek. 

Station  mark:  A  small  cairn,  on  highest  point  of  mountain. 

[  latitude  36°  31'  35.24".     Longitude  118*  28'  40.21".] 


To  station  Asimuth. 

•         o  /  // 

Florence '^ 25  50  3&31 

Brewer 178  16  46l  53  j 

Whitney 250  43  laoi 

Olancha 311  44  57.01 

Kern , 324  38  68.74' 


Back  atirauth. 


Log. 
distance. 


205  57  Oa  40 

358  16  31.93 

70  49  52.86 

131  57  4a  73 

144  45  4&09 


Meters. 
4.1706006 
4.3062797 
4.2475638 
4.6375102 
4. 4711073 


KERN,    TULARE    COL'NTY.    CAL. 

On  high,  rocky  mountain  on  divide  between  Kern  River  and  South 
Fork  of  Kern  River.  The  range  is  sometimes  called  Too-wa  Range; 
it  is  about  4  miles  south  of  the  Mount  Whitney  trail  at  point  where 
tunnel  was  cut  from  Whitney  Creek  to  South  Fork  of  Kern  River. 
The  trail  down  South  Fork  of  Kern  River  to  Monache  Meadows 
passes  within  about  3  miles  of  staticm  and  signal  can  be  seen  from 
meadow  after  leaving  Whitney  Creek.  Animals  can  be  taken  within 
500  feet  of  summit. 

Station  mark:  A  triangulation  tablet  set  in  solid  rock  under  center 
of  cairn,  on  highest  point  of  mountain. 

[  Latitude  36°  18'  31.77".     Longitude  118"  17'  14JQ5".] 


To  station  - 


Ar.imuth. 


Big  Meadows 5  28  03.46 

Florence 114  43  02.25 

Kaweah  Mountain 144  45  4a  09 

Whitney 179  17  49.85 

Olancha 287  27  4L  77 

Mahogany 354  33  04.26 


Back  aKirauth. 


185  26  27.52 

294  33  4a96 

324  38  5a  74 

359  17  41.07 

107  33  4a  41 

174  34  laSO  I 


Log. 
distance. 


Meter*. 
4. 6317012 
4.4144867 
4.4711073 
4.  4767457 
4.2038386 
4. 5077615 


MAHOGANY,    TULARE    COUNTY,    CAL. 


On  a  spur  of  Big  Meadows  Mountain  and  on  divide  of  the  waters 
of  Fish  Creek  and  South  Fork  of  Kern  River.  The  Kernville-Mount 
Whitney  trail  passes  about  1  mile  west  of  station  on  ridge.  Can  be 
reached  by  trail  from  the  Monache  Meadows.  The  summit  has  scat- 
tering clusters  of  mahogany  trees  on  it.  Animals  can  be  taken  to 
the  signal.  Description  of  trail  is  diflScult,  as  there  are  many  cattle 
trails  in  all  directions.     Fish  Creek  meadow  is  nearest  good  one. 
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Station  mark:  A  triangulation  tablet  under  center  of  a  rock  caim 
6  feet  in  diameter  at  base  and  5.8  feet  high,  with  a  tree  in  center. 

[  Latitude  36**  01'  11.99".     Longitude  118"  ly  11.97".] 


To  station - 


Big  Meadows. 

Fioronce 

Kem 

Olanoha 


Azimuth. 

34  01  oao4 

Back  azimuth. 

Log. 
dist&Doe. 

o 

213 
328 
354 
24 

58    12.72 
00    03L75  I 
33    04.26 
12    42L16  . 

4.1060172 

148     10    35.24 
174    34    16l30 
204    07    53.77 

4  7035%^ 

4  50r77615 

4.4730O&I 

TRAIL,    TULARE 
(Not  OOCl 

roUNT^   CAL. 

ipiod.) 

Summit  of  mountain  at  end  of  high  Sierras.  The  trail  that  goes  up 
South  Fork  of  Kem  River  thru  Mulkey  Meadows,  thence  across  main 
ridge  and  down  Cottonwood  Creek  to  Lone  Pine,  passes  south  of  and 
within  a  mile  of  point  at  summit  of  ridge.  Can  camp  on  either  side  of 
ridge. 

Station  mark:  Highest  point  of  mountain. 


[Latitm 

lo  Se*  %V  39.77". 

longitude  118"  11' 

22.97".] 

To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Kem 

Whitney...!! 

33    3.5    24.09 
85    55    26.10 
151    32    41.44 

0          1            re 

213    31    55.91  1 
265    42    35.60  i 
331    29    03.80 

Mrier*. 

4.51CK9B 

4.28agl» 

CONNE88,    Tl'OLUMNE    COUNTY,    CAL. 

A  primary  station  of  the  Coast  and  Geodetic  Survey,  1 0  miles  north 
of  Soda  Springs.  In  shape  an  irregular  parallelogram  of  granite,  from 
northwest  portion  of  which  rises  the  top  of  peak,  with  precipitous  side 
of  1 ,000  feet  or  more.  It  can  be  ascended  from  Soda  Springs  in  four 
hours  by  a  trail  made  by  the  Coast  and  Geodetic  Survey.  Grass  and 
water  can  be  found  within  1  mile  of  summit. 

Station  mark:  Concrete  pier,  with  |-inch  copper  bolt  in  center. 

[Latitude  37"  58'  02.59".     Ix^ngitude  119"»  19'  14.23".) 


To  station- 


I 


Azimuth.        !   Back  azimuth.  '     niiSS* 


Red 

Clarks  Peak 

Devil  Peak 

Hoffman 

Cottonwood  Peak. 
Dana. 


12  36  41.02 

17  29  05.74 

37  22  32.54 

51  21  09.23 

83  06  44.80 

310  11  57.93 

Round  Top 142  39  27.37 

Mount  Grant 214  32  19.16 

CaMlo  Peak 200  50  35.01 

Horse 268  07  59.79 

White  Mountain  South 291  09  53.00 

Baldy 291  23  22.03! 

Morgan 320  02  49.62  ■ 

Lyell 350  09  45.17  , 


192  33  26.50 

197  25  09.01 

217  07  08.88 

231  14  10.79 

262  51  29.07 

130  15  39.67 

322  14  10.26 

34  52  00.68 

20  52  19.21 

88  26  54.14 

111  49  04.10 

HI  45  56.12 

140  24  34.56 

170  11  34.84 


MeUrt. 
4.36157S7Q 
4.4979M40 
4.78&54SSe 
4.3388M00 
4.56390tN 
4.O821S7U0 
4.9»137«4 
4.91090606 
4.0S413Mi 
4.65M3DM 
5.0Q87Q5W 
4.7 
4.1 
4.4 
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CALtFORNIA-NEVADA    BOUNDARY   POST   TRIANOULATION   STATION    NO.    75. 

Position  computed  was  that  of  the  old  triangulation  station  near 
No.  75. 

[Latitude  37«  28'  14.01".    Longitude  1 17*  SO'  27.80".] 


To  station— 


Piper 

Wnite  Mountain  South 
Boundary  post  74 


Azimuth. 


48  23  35.98 
116  33  54.60 
132    35    01.54 


Back  azimuth. 


228  20  26.76 
296  18  46.22 
312  33  45.93 


Log. 
distance. 


Meters. 
4.0101962 
4.6112609 
3.6175456 


CALIPORNIA-NEVADA   BOUNDARY   POST  TRIANOULATION   STATION    NO.    74. 

Position  computed  was  that  of  the  old  triangulation  station  near 
No.  74. 

[Latitude  37*  29^  44.97".    Longitude  117"  52'  32.05".] 


To  station- 


Piper 

White  Mountain  South 
Boundary  post  75 


Azimuth. 


25  35  17.27 
114  46  02.30 
312    33    45.93 


Back  azimuth. 


205  33  23.55 
294  32  09.41 
132  35  01.54 


Log. 
distance. 


Meter*. 
4.0273048 
4.5669083 
3.6175456 


BLUE   DICK,    ESMRRALDA   COUNTY,    NEV. 

On  a  high,  bald  ridge  in  the  Palmetto  Range,  about  8  miles  north- 
west of  Lida  and  about  the  same  distance  north-northeast  of  Pigeon 
Spring.  Road  from  Lida  to  Silver  Peak  passes  about  4  miles  east  of 
station.  A  trail  leaver  road  about  1  mile  below  summit  on  road  and 
can  be  followed  to  station  by  going  west,  then  north  up  ridge.  There 
is  no  feed  nor  water  near  point. 

Station  mark:  A  triangulation  tablet  set  in  rock  under  center  of 
cairn  9  feet  high. 

I  Latitude  37*  30'  23.33".    Lmigitude  \W  35'  25.43".] 


To  station— 

0 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

WWte  Top 

o         r           tr 

21    03    10.06 

34    38    53.52 

64    53    38.a5 

70    13    03.73 

103    48    04.67 

188    23    34.07 

223    58    17.82 

270    37    41.07 

318    01    03.70 

340    02    35.49 

o            /              // 

200    59    12.38 
214    23    45.02 
244    30    31.60 
250    00    44.76 
283    23    45.73 
8    27    07.15 
44    06    40.71 
90    57    48.39 
138    11    27.59 
160    04    10.89 

Meters. 
4. 4287747 

Waucoba 

Black  Mountain 

4.8145008 
4.7932844 

Piper 

4.5013097 

Wnite  Mountain  South 

4.7811245 

Lone  Mountain 

4.7644849 

Monteztuna 

Stonewall 

Gold  Mountain  . . 

4.4636354 
4.6876502 
4.5782060 

Magnider 

4.0531807 

GOLD   MOUNTAIN,    ESMERALDA   COUNTY,    NEV. 

On  the  highest  summit  of  Gold  Mountain,  a  sharp,  rocky  peak  1.5 
miles  southeast  of  Oriental  post-office  (abandoned),  now  known  as 
Old  Town  or  Old  Camp,  and  about  20  miles  southeast  of  Lida  post- 
office.     Best  reached  from  Old  Camp,  where  there  is  good  water  and 
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feed  and  which  is  reached  from  Lida  post-office  by  a  good  wagon  road. 
(Wheeler  point,  1871-72?) 

Station  mark :  A  bronze  triangulation  tablet  in  solid  rock,  stamped 
"8144  V  A/'  under  a  rock  monument  6  feet  high. 

[Latitude  3y  15'  09.13"  (37*  15'  09.50"a).    Longitude  117*  18'  17.76"  (117'  18'  18J»"a).] 


To  station— 

Azimuth. 

Back  azimuth. 

Log 

distance. 

o 

, 

// 

o 

, 

„ 

McUTi. 

Tina 

18 

18 

33.00 

198 

12 

03.00 

4.6305400 

Montemmaa 

174 

12 

45.00 

354 

10 

41.00 

4.6931600 

Stonewall  a 

% 220 

27 

07.00 

40 

36 

47.00 

4.S5g4400 

ToUcha  a 

267 

34 

42.00 

87 

52 

41.00 

4.GeS500 

Grapeo 

336 

28 

06.00 

156 

33 

46.00 

4.^406000 

Waucoba 

67 

55 

52.73 

247 

30 

36.42 

4.82*^20 

Black  Mountain 

91 

25 
14 
02 
23 

3L52 
03.60 
32.64 
32.11 

270 
274 
296 
309 

52 
50 
27 
14 

06.99 
44.03 

4-9il7tC» 

White  Top 

95 

4.5453611 

White  Mountain  South 

117 

4.9T38GS 

Magruder 

129 

4.442&fS 

Blue  Dick 

138 

11 
12 

27.59 
05.58 

318 
354 

01 
10 

03.70 
01.79 

4.578300 

Montezuma 

174 

4-6932257 

StonewaU 

220 

26 

10.48 

40 

35 

50.46 

4.55S5011 

«B.  D.  Stewart,  1905. 
LONE    MOUNTAIN,   ESMERALDA    COUNTY,   NEV. 

For  description  of  this  station,  see  page  145. 

[Latitude  38"  01'  28.759"  (38°  01'  28.83"  a).    Longitude  117"  29^  37.047"  (IW  Iff  37.51"  •^ .] 


To  station- 


Montezumao... 

Blue  Dick  a 

Mount  Grant.. 
Toiyal*  Dome. 
Cactus  Peak... 

Diamond 

Stonewall 

Montezuma 


Azimuth. 

Back  azimuth. 

Log. 
distanoe. 

o 

, 

// 

0            / 

// 

MetcTt, 

342 

19 

03.38 

162    23 

5Sl68 

45840027 

8 

27 

07.15 

188    23 

34.07 

4  7644M0 

118 

30 

45.13 

297    42 

3L46 

5l10S8270 

187 

47 

26.93 

7^52 

43.32 

4.9(570036 

296 

08 

53.00 

116    31 

36.00 

4w781?(M0 

316 

23 

25.00 

136    36 

13.00 

4.d47»4X» 

325 

21 

47.00 

145    38 

27.00 

^.9^»»m 

342 

18 

57.00 

162    23 

49.00 

4.5^4502: 

a  Frquhart,  1905. 


MAORUDER,   ESMERALDA    COUNTY,  NEV. 

(Not  occupied.) 

On  the  highest  point  of  Magruder  Mountain,  a  well-known  moun- 
tain 3  or  4  miles  southwest  of  Lida. 

Station  mark:  A  triangulation  tablet  in  center  of  cairn  6  feet  liigh. 

[Latitude  37°  24'  38.69".     Longitude  1 17**  32'  48.56".] 


To  station- 


Azimuth. 


Back  azimuth. 


White  Top 43  07 

Waucoba 43  35 

Piper 89  50 

Blue  Dick I  160  04 

Montezuma I  207  23 

Gold  Mountain '  309  14 


46.12 
46.78 
1&96 
10.80 
43.88 
44.03 


223  02  13.54 

223  19  03.89 

269  36  2L55 

340  02  35.40 

27  30  3a62 

129  23  32.11 


Log. 
distance. 


Meter*. 
4.29568M 
47738606 

40531S07 
4590613S 
444a&4S3 
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MONTEZUMA,   ESMERALDA   COUNTY,   NBV. 

For  description  of  this  station,  see  page  146. 

[Latitude  37°  41'  41.44"  (37<>  41'  41.3"  o).     Longitude  117«  21'  41.24"  (IH**  21'  41.24"  o).] 


To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Magnidcr 

Waucoba 

Blue  Dick 

o 

27 

37 

44 

30 
39 
06 
24 
23 
06 
10 
23 
56 
06 
10 

30.62 
33.03 
40.71 
53.55 
55.68 
2L81 
01.79 
^.00 
58.00 
58.00 
41.00 

o 
207 
217 
223 
264 
342 
127 
174 
342 

77 
127 
174 

/ 

23 
16 
58 
52 
19 
18 
12 
18 
14 
18 
12 

43.88 
02.41 
17.82 
07.86 
03.38 
08.86 
05.58 
57.00 
55.00 
45.00 
45.00 

Meter9. 

4.5506138 
4.9733803 
4.4636354 

White  Mountain  South . .  . 

85 

4.8083360 

Lone  Mountain 

162 

4.5845027 

StonewaH 

Gold  Mountain 

307 

354 

4.5525871 
4.6032257 

Lone  Mountain  a 

162 

4.5845027 

Cactus  Peak  a 

256 

4. 6412400 

Stonewall  a 

Gold  Mountain  « 

307 

354 

4.5526000 
4.0931600 

a  R.  H.  Chapman,  1905. 
•      STONEWALL,  NYE   COUNTY,   NEV. 

For  description  of  this  station,  see  page  153. 

[Latitude  37o  30'  01.38"  (3/°  30'  01.30"  a ».     Longitude  117°  02'  22.35"  (117°  02'  22.43"  «).] 


To  station— 

Azimuth. 

Back  azimuth. 

O             /                // 

220    26    10.48 
270    37    41.07 
307    06    21.81 
220    27    07.00 
307    06    58.00 
325    21    47.00 
340    02    35.00 
24    35    09.00 
88    50    11.00 
141    47    39.00 

Log. 
distance. 

Gold  Mountain . . . 

o 

40 

35 
57 
18 
36 
18 
38 
06 
29 
24 
39 

50.46 
48.39 
08.86 
47.00 
45.00 
27.00 
29.00 
12.00 
OLOO 
17.00 

Meters, 

4.5585011 

Blue  Dick 

90 

4.6876502 

Montezuma 

Gold  Mountain o.. 
Montezuma  <» 

...        127 

4.5525871 
4.5584400 
4.5526000 

Ivono  Mountain  a. 

145 

4.8486600 

Diamond  o 

Cactus  Peak  a 

Quartzlte 

Tolichaa 

160 

204 

268 

321 

4. 4410100 
4.5375000 
4.8017100 
4.5169900 

oR.  H.  Chapman,  1905. 

CAJ^IFOllNIA. 

PRIMARY    TRAVERSE. 

COLUSA,  SACRAMENTO,  AND    YOLO    COUNTIES. 
SPECIAL  SHEETS  NOS.  19,  20,  81,  AKD  tZ. 

Two  lines  of  primary  traverse  were  run  by  C.  H.  Birdseye,  topo- 
graphic aid,  in  1905,  as  follows: 

From  Yol6  northwest  base  (Coast  and  Geodetic  Survey)  east  and 
north  via  county  roads  and  Southern  Pacific  Railroad  to  Knights 
Landing,  thence  north  and  west  along  west  bank  of  Sacramento 
River  to  Smokestack  triangulation  station. 

From  Knights  Landing  south  and  east  along  west  bank  of  Sacra- 
mento River  to  Sacramento,  tying  to  dome  of  State  capitol. 

Positions  are  given  on  the  United  States  standard  datum. 
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Geographic  positions  along  highways  from  Yolo  northwest  base  to  Woodland. 

i  '■ 

Station. 


Latitude. 


LoDgitode. 


Yolo  northwest  baae  (Coast  Survey),  in  extreme  southeast  comer  of 
SE.  i  sec.  28,  T.  10  N.,  R.  1  E.,  Mount  Diablo  meridian,  4^  miles 
west  of  railroad  passing  thru  Woodland  and  on  north  side  of  county 
road  goina;  west  toward  Madison  and  Capay  Valley.  Station  mark: 
A  needle  hole  in  a  German-silver  plug  inserted  in  a  copper  bolt  in 
top  of  a  granite  block  35  inches  long  by  20  inches  square  at  base  and 
drest  to  12  inches  at  top,  with  the  letters  * '  U.  S.  C.  &  G.  S."  cut  on  it. 
all  4.5  feet  below  surface,  above  which  is  a  granite  block  25  inches 
square  by  26  inches  deep,  with  the  letters  "C.  S.  C.  &  G.  S.  N.  W. 
Yolo  base"  cut  on  it;  in  top  of  this  block  is  a  needle  hole  in  lead  in 
a  copper  bolt:  top  of  block  even  with  surface;  a  brick  pier  is  built 
around  this  block  to  a  height  of  33i  feet  above  ground , 

Woodland,  2.5  miles  west  of,  center  of  crossroads 

Woodland,  1.5  miles  west  of  Browns  Comers,  center  of  crossroads 

Woodland,  0.5  mile  west  of,  intersection  of  Cemetery  avenue  and 
Main  street 

Woodland,  0.5  mile  west  of  and  1  mile  north  of.  center  of  crossroads. . 

Woodland,  1  milo  north  of  Southern  Pacific  station,  50  feet  southwest 
of  intersection  of  crossroads,  2  by  4  inch  stake 

Woodland,  railroad  crossing,  1.5  miles  north  of  Southern  Pacific  sta- 
tion, on  west  side  of  road,  junction  of  west  rails 


44.81 
41.40 
4a  80 

4a  40  < 
32.00 


121  51  2B.S5 
121  4d  1X» 
121     48    06l7D 


121 
121 


5^90 

5aa 


41  32.10       121    45    52.60 

42  OaiO  ;     121    45    52L4D 


Geographic  positions  along  Southern  Pacific  Railroad. 


Station. 


Woodland,  2  miles  north  of,  road  crossing,  junction  of  west  rails 

IVart  flag  station,  middle  of  road  crossing,  cast  rail 

Cache  Creek  railroad  bridge,  200  feet  north  of  west  rail  at  middle  of 
crossroad 


Latitude. 


Lochanour  flag  station,  point  is  center  of  track  and  road  crossing 
1.500  feet  north  of  warehouse 

Curtis  fla^  station  (500  feet  north  of  milepost  91),  at  road  crossing  on 
township  line,  center  of  track 

Milepost  92,  20  feet  south  of,  center  of  track  opposite  iron  post,  eleva- 
tion 30  feet 

Knights  Landing,  1.5  miles  south  of,  private  road  crossing,  center  of 
track  at  south  end  of  north  guard  rails 

Milepost  94,  center  of  track  opposite 

Knights  Landing,  road  crossing  0.5  mile  south  of  Southern  Pacific  sta-   . 
tion,  center  of  road  and  track 

Knights  Landing  (Grafton  post-c-ffice).  in  west  wall,  south  abutment  , 
of  railroad  bridge  over  Sacramento  River,  tablet 


38  42 

38  43 

38  43 

38  44 

38  44 

38  45 

38  46 

38  47 

38  47 

38  48 


35.3 
02.5 

26l9 

33.0 

57.7  , 

38.6 

42.0 
16.0 

46.3 

09.4 


Longitude. 


121  45 

121  45 

121  45 

121  44 

121  44 

121  44 

121  43 

121  43 

121  43 

121  42 


4Q.9 
28.9 

17.9 

44.8 

32.4 

11.9 

40.2 
22.7 

07.4 

56.0 


Geographic  positions  along  west  hank  of  Sacramento  River  from  Knights  Landing  to 

IIo wells  Point. 


Station. 


Latitude. 


Knights  Landing,  1  mile  northwest  of,  opposite  temporary  bench  mark         '^      '       " 
marked  "35."  center  of  levee  road I      38    48    42.3 

Knights  I^anding,  1.12  miles  northwest  of,  west  edge  of  road  at  white 
gate 38    49    04.3 

Knights  Landing,  1.8  miles  northwest  of,  opposite  temporary  bench 
mark  marked 'as,"  middle  of  levee  road 38    49    25.1 

Knights  Landing,  2.8  mik s  northwest  of,  opposite  temporary  bench 
mark  35,  north  end  of  large  warehouse,  center  of  levee  road 38    50    19.6 

Dar])y  Camp  (Fair  ranch ),  3.4  miles  east  of,  opposite  temporary  bench 
mark  marsed  "  10  "  elevation  36  feet,  center  of  levee  road 38    51    09.0 

Darby  Camp.  2.3  miles  cast   of,  opposite  temporary  bench   mark 
marked  "15,"  elevation  36  feet,  center  of  levee  road 38    51    40.5 

Darby  Camp,  1.3  miles  east  of,  opposite  old  house,  on  north  side  of 
levee,  standard  Innch-mark  post  stamped  "39  B  KC4" 38    52    15.4 

Fair  ranch  house  at  Darby  Camp,  at  east  gate  to  farmyard,  temporary 
liench  mark,  elevation  34  fcrt 38    51    46.6 

Fair  ranch,  1.5  mll<  s  \v(  st  cf,  temporary  iK-nth  mark  No.  11,  elevation  i 
37  f(M?t.  on  gatepost  on  U'vee,  south  of  Rough  and  Ready  landing,  cen- 
ter of  levee  opposite  l)ench  mark 38    51    07.5 

Smokestack  tri.ingulation  station  (smokestack  of  Reclamation  pump- 
ing plant  district  No.  8) '      38    55    33.2 

1 


IxfDgltude. 

o 

f            rr 

121 

43  2S.4 

121 

43  27.9 

121 

43  25.2 

121 

43  49.2 

121 

43  27-2 

121 

<4  l«».T 

121 

44  a*.i 

121 

45  47.2 

121 

47  11.1 

121 

52  SI. 5 
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Geographic  positions  along  west  hank  of  Sacramento  River  j,om  Knights  Landing  to 

Sacramento. 


Station. 


Knights  Landing,  0.5  milo  south  of  Southern  Pacific  station,  road  | 

crossing,  center  of  road  and  traclc 

Knights  Landing,  1.5  miles  southeast  of,  road  turns  south,  25  feet 

southwest  of  temporary  l>ench  mark,  elevation  29  feet I 

Knights  Landing.  2.6  miles  southeast  of,  opposite  north  gatepost  to  I 

Mr.  Lippincotrs  house,  center  of  road 

Knights  Landing,  3  miles  southeast  of,  75  feet  south  of  timl)er,  in  west 

edge  of  levee 

Knights  Landing,  3  miles  southeast  of,  on  line  with  fence  opposite 

standard  iron  post,  center  of  levee. | 

Grays  Bend,  0.5  mile  north  of,  400  feet  north  of  township  road,  in  west 

edge  of  levee ' 

Grays  Bend,  opposite  creamery  door,  center  of  levee 

Grays  Bend.  0.25  mile  northeast  of,  road  turns  east,  leaving  river,  35  i 

feet  northwest  of  temporary  l)ench  marie  marlced  "  29  D  " I 

Grays  Bend,  0.75  mile  northeast  of,  30  feet  north  of  gate  and  1,000  feet 

southwest  of  P.  Goettsch's  dairy  ranch,  on  top  of  leveo,  standard 

bench-raaric  post 

Grays  Bend,  0.75  mile  east  of,  temporary  bench  marlc  marlced  "24  D" 

on  power-line  pole , 

Grays  Bend,  3  miles  east  of,  center  of  old  windmill  on  edge  of  tule,  tem- 
porary bench  mark  marked  *  *20  D " 

Grays  Bend,  3.75 rfllcs  east  of,  300  feet  north  of  fence  line  and  on  edge  of 

timber.  1  mile  west  of  Sacramento  River,  old  cottonwood  tree 

Doyle's  ranch,  0.75  mile  west  of,  20  feet  south  of  road  on  top  of  back 

levee. 


Doyle's  ranch,  0.5  mile  south  of,  junction  of  river  and  back  lev.ees,  cen 

ter  of  levee  at  road  at  wire  gate 

Doyle's  ranch.  1.25  miles  south  of,  at  large  gate  by  large  oak  tree,  we^t 

edge  of  levee 

Doyle's  ram  h,  2  miles  south  of,  temporary  l)ench  mark,  eievation  33 

feet,  west  edge  of  levee,  opposite  bench  mark i 

Hushey's  l)cc  ranch,  200  feel  east  of  old  yellow  house,  west  edge  of 

levee,  temporary  bench  mark  marked  "^2  D" 

Elkhom  weir,  station  is  standard  tablet  set  in  north  wall  of  wier, 

marked  "30  B" i 

Elkhom,  2  miles  north  of,  100  feet  east  of  old  bam.  In  root  of  large  oak 

tree,  temporary  bench  mark  marked  "25  D" 

Elkhorn  saloon,  55  feet  southeast  of  southeast  comer  of,  stake  in  top  of 

levee t 1 

Elkhom,  1  mile  south  of,  1,200  feet  north  of  Mr.  Perkins's  house  (open 

across  river),  opposite  white  flag  marked  "Sta.  224  A,"  center  of  ' 

levee , 

Ellchom,  2  miles  south  of,  opposite  south  window  of  M.  F.  Silva's 

house  (open  across  river),  center  of  levee I 

Elkhom,  3  miles  south  of,  in  front  of  Mr.  Matalock's  house,  center  of  I 

levee  over  water  pipe ' 

Elkhom,  3.5  miles  southeast  of,  junction  of  river  and  back  levees  on 

west  edge  of  Fair  ranch,  on  south  side  of  road  and  west  side  of  old 

canal,  nail  with  flag 

Fair  ranch,  1  mile  southeast  of,  east  edge  of  road,  southeast  of  fence 

corner,  flag  marked  "Sta.  242" , 

Fair  ranch,  2  miles  southeast  of,  in  front  of  Mr.  Casslcman's  house,  op-  | 

positc  temporary  bench  mark,  elevation  29  fe«'t,  center  of  road 

Lehman's  hop  yard,  by  water  tank  on  east  side  of  levee  road,  iron  post  ' 

stamped  "fc  B" ' 

Washington,  2  miles  northwest  of,  on  east  side  of  fence  where  road 

leaves  river,  temporary  l)ench  mark,  a  nail  in  base  of  telephone  pole, 

elevation  31  feet  (capitol  dome  visible  from  point) 

Washington,  2  miles  west  of  west  end  of  switch,  nail  in  west  tie  leading 

to  switch  block,  center  of  track  (capitol  dome  visible  frrm  point) . . . 
Washington  (Broderick  post-oflice) ,  street  crossing  on  west  eage  of,  15 

feet  north  of  old  railroad  track  In  center  of  north  south  street  (Fifth 

street) 

Sacramento,  bridge  over  Sacramento  Ki'  rr,  center  ct  railroad  track 

under  cross  arm  in  center  of  drawbridge 

Sacramento,  capitol  dome,  U.  8.  standard 


La 

titude. 
/   // 

Longitude. 

0 

0 

, 

// 

38 

47 

46.3 

121 

43 

07.4 

38 

47 

45.7 

121 

iX 

58.7 

38 

46 

39.4 

121 

41 

23.2 

38 

46 

10.4 

121 

41 

33.4 

38 

45 

49.5 

121 

41 

13.3 

38 
38 

44 

44 

59.7 
34.9 

121 
121 

40 
40 

38.0 
23.9 

38 

44 

47.0 

121 

40 

03.9 

38 

44 

55.5 

121 

39 

38.7 

38 

44 

57.4 

121 

39 

12.0 

38 

45 

30.2 

121 

37 

20.1 

38 

45 

25.8 

121 

36 

35.8 

38 

45 

31.4 

121 

36 

21.2 

38 

44 

60.1 

121 

35 

46.9 

38 

44 

26.2 

121 

36 

07.7 

38 

43 

51.1 

121 

36 

18.1 

38 

43 

20.3 

121 

36 

21.1 

38 

42 

34.5 

121 

36 

58.9 

38 

41 

55.5 

121 

37 

51.6 

38 

40 

37.3 

121 

37 

49.3 

38  39  58.9  \  121  37  03.6 
38  :»  19.9  121  36  21.2 
38    38    34.4  !      121    35    33.1 


38  38  37.2 

38  38  02.5 

38  37  25.7 

38  36  35.5 

38  35  49.1 

38  35  14.5 


38 

35 

16.6 

.38 

38 

35 
34 

09,1 
37.4 

121  34  56.2 

121  33  49.4 

121  33  45.3 

121  33  35.1 

121  32  46.7 

121  32  41.7 

121  30  44.3 

121  30  19.8 

121  29  34.3 
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MONTANA. 

TRIANGULATION  STATIONS. 

FERGUS   COUNTY. 

MoooAsnr  MomrTAiN,  maxdeit,  asb  kehdall  auADaAvaiEs. 

During  the  season  of  1905  H.  L.  Baldwin,  jr.,  controlled  an  area  of 
800  square  miles,  based  on  the  positions  of  Judith  and  Big  Snowy,  as 
published  on  page  305,  Bulletin  No.  122.  Azimuth  observations  were 
made  at  stations  Skaggs  and  Fence  Comer,  the  weighted  mean  of 
which  was  adopted  in  computing  the  positions  of  10  occupied  and  12 
unoccupied  stations.  Positions  are  given  on  the  Bozeman  astronomic 
datum  of  the  Wheeler  Survey  of  1873. 

BIO    SNOWY,  FERGUS   COUNTY. 

On  liighest  summit  of  Big  Snowy  Moimtains,  south  and  east  of 
Half  Moon  Pass,  elevation  8,600  feet.  A  monument  was  found  with 
5-foot  base  and  7  feet  high.  It  was  enlarged  to  oval  shape,  9  feet  in 
large  rdiameter  and  5  feet  in  smaller  diameter,  so  as  to  be  seen  from 
points  to  northward. 

Station  mark:  Rock  monument. 

Reference  mark:  A  bronze  tablet  cemented  in  decomposed  lime- 
stone rock,  true  azimuth  155°  35',  distant  12.1  feet. 

[Latitude  46°  4^  12.30".    Longitude  100"  IS'  48.80".) 


To  station— 

Azimuth. 

O             f               tf 

42    37    36.00 

104    13    5«.00 

187    42    20.00 

a  160    27    40.19 

Back  azimuth',  i 

Of               ff           . 

221     55    45.00 
283    17    23.00 

7    46    24.00 
340    17    56.W  1 

7    42    47.44  ' 
18    49    47.22  . 

Log. 

distance. 

Craay 

Neihart 

Judith 

South  Moccasin . . 

Meterf, 
5.0411300 
5.0»I23D 

4,n7si:o 

4  7008S83 

Judith 

Fox  Pass 

«187    38    46.00 

a  198    38    56.87 

4.71 7H?0 
4.766B6SS 

a  Ol>servod  azimuth,  1905. 


DOOMELLE,    FERGUS   COUNTY. 


About  2  miles  east  of  the  Claggelt  road,  on  a  prairie  mesa  Ijing 
between  Dog  and  Armelle  creeks,  2  miles  southeast  of  a  large  ranch 
house  supposed  to  belong  to  Fergus. 

Station  mark:  An  iron  bench-mark  post  set  3  feet  in  the  ground. 

Reference  mark:  An  ^'Ayer's  SarsapariUa'*  bottle  buried  6  inches 
below  surface  of  ground  on  line  to  North  Moccasin  and  covered  with 
a  small  pile  of  rocks,  true  azimuth  from  station  75°  07',  distant,  5.1 
feet. 
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[Latitude  47*  20'  47.58".    Longitude  109'  17'  53.03".] 


To  station— 


Azimutli. 

Back  azimuth. 

0            / 

„ 

O            f               If 

0    03 

42.13 

180    03    4L10 

43    50 

49.54 

223    40    22.57 

75    06 

39.67 

254    56    12.46 

273    03 

50.80 

93    10    26.41 

301    01 

10.49 

121    11    22.97 

337    51 

12.56 

157    54    34.18 

Log. 
distance. 


Pyramid 

South  Moccasin. 
North  Moccasin 

Fergus 

Fox  Pass 

Judith , 


Meters. 
4.3492560 
4  4127832 
4.1200505 
4.0533075 
4.3106960 
4.1851827 


FENCE  CORNER,  FERGUS  COUNTY. 

On  the  high  table-land  one-half  mile  west  of  Cottonwood  Cr6ek; 
36  feet  north  and  44  feet  west  of  the  junction  of  a  road  from  the  north 
with  the  east- west  road;  junction  is  probably  the  southwest  comer  of 
sec.  6,  T.  15  N.,  R.  17  E. 

Station  mark:  An  iron  bench-mark  post  set  3  feet  in  the  ground. 

[Latitude  Ar  05'  09.38".    Longitude  109-  36'  57.95".] 


To  station— 

•__ 


Azimuth. 


South  Moccasin 210    41    57.79 

Pyramid I      254    31    19.88 

Tufted  Pine I      280    47    33.72 


Baclc  azimuth. 

o 

/ 

// 

30 

45 

31.47 

74 

45 

17.96 

101 

03 

20.45 

Log. 
distance. 


Meters. 
4.0800605 
4.3980464 
4.4430395 


FERGUS,  FERGUS  COUNTY. 


On  a  high  bluflF  1.5  miles  northeast  of  Andrew  Fergus's  ranch. 
Station  mark:  An  iron  bench-mark  post  set  3  feet  in  ground. 
Reference  mark:  Beer  bottle  buried  with  top  8  inches  below  sur- 
face, true  azimuth  from  station  83°  30',  distant  6.4  feet. 


[Latitude  47-  20'  27.f 


Longitude  109'  08'  55.23".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Judith 

o           /              // 

22    12    36.41 
83    29    38.15 
93    10    2a  41 
327    50    35.28 

o        /          // 
Im    09    22.92 
263    15    36.56 
273    03    50.89 
148    03    12.53 

Meters, 
4.1661345 

North  Moccasin 

4.3841602 

I>oginelie 

4.0533C75 

Fox  Pass 

4.0602G67 

FOX   PASS,    FERGUS    COUNTY. 

About  2  miles  northeast  of  summit  of  Fox  Pass  on  highest  mountain 
and  1  mile  southeast  of  Cone  Butte. 

Station  mark:  The  signal  consisting  of  several  small  trees  sup- 
ported by  wires  on  highest  part  of  hill. 
BulI.SlO— 07 13 
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Reference  mark :  A  bronze  triangulation  tablet  cemented  in  a 
lime  rock  set  in  the  ground,  true  azimuth  from  station  80°  15',  distant 
4.5  feet. 


[Latitude  47*  15'  05.48".    Longitude  109»  03'  59.59".] 


To  statlon- 


Blg  Snowy 

Tufted  Pino 

Pyramid 

Judith 

Nortji  Moccasin 

Dogmelle 

Fergus 

Skaggs 


Azimuth*. 


Back  ar.lniuth. 


18 
31 
56 
72 
103 
121 
148 
357 


47.22 
36.92 
50.18 
15.24 
20.83 
22.97 
12.53 
47.15 


198  38  56.87 

211  18  14.^ 

236  03  37.84 

252  48  24.85 

283  08  41.638 

301  01  ia49 

327  50  a5.276 

177  02  19.88 


Log. 
distaooe. 


Jkfrt«r«. 
4.76*659 
4.442^33 
4.3233K30 
4.09GQ7aS 
4.4931041 
4.3l0^«€e 
4.06e>ab7 
4.25St2S24 


JUDITH,    FERGUS    COUNTY, 

On  highest  peak  of  Judith  Mountains,  about  3  miles  north  of 
Maiden,  Mont. 

Station  mark:  A  monument  of  rocks  6  feet  in  diameter  at  base  and 
8  feet  high,  with  tree  in  center  erected  on  site  of  original  station,  the 
monument  of  sticks  and  rocks  having  disappeared. 

Reference  marks:  A  tablet  cemented  in  a  small  sloping  rock,  true 
azimuth  from  station  147°  10',  distant  7.5  feet;  4-inch  pine  tree  blazed 
on  side  toward  station,  marked  with  triangle,  true  azimuth  from 
station  181°  20',  distant  34  feet;  5-inch  pine  tree,  blazed  on  side 
toward  station,  marked  with  triangle,  true  azimuth  from  station  288° 
14',  distant  44.5  feet. 

[Latitude  47'  13'  08.09".    Longitude  109°  13'  18.60".] 


To  station- 


Azimuth. 


Back  azimuth. 


Big  Snowy 

Pyramid 

South  Moccasin 

North  Moccasin 

Dogmelle , 157    54    34.18 

Fergus ;      202    09    22.92 

Fox  Pass I      252    48    24. 85 

I   318  43  15.13 


7  42  47.44 

35  26  40.81  I 

79  30  17. 78  i 

120  15  26. 24 


187  38  46.00 

215  23  27.66 

250  16  30.29 

300  04  38-02 

337  51  12.56 

22  12  36.41 

72  55  15.25 

138  50  37.71 


distaz}Cf>. 


Metrrs, 

4.71TMPB 

4.3S;S514 

4.33153De 
4-  1S51S27 
4-  l*ifi:34.> 
4.0900705 
4.2S55*> 


NORTH   MOCCASIN.   FERGUS   COUNTY. 

On  the  north  peak  of  the  North  Moccasin  group  of  mountains. 

Station  mark:  A  bronze  tablet  loosely  cemented  in  the  very  loose 
limestone  rock  on  summit. 

Signal :  A  fir  tree  erected  over  tablet  and  supported  by  three  guy- 
wires. 

Reference  marks:  Small  pine  tree,  true  azimuth  from  station  1S9^ 
36',  distance  to  base  of  tree  9.4  feet;  small  pine  tree,  true  azimuth  from 
station  124°  41',  distance  to  base  of  tree  18.3  feet. 
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[Latitude  47'»  18'  57.20".     Longitude  109'  28'  00.96".) 
To  station—  Azimutii.  Baclc  azimuth. 


South  Mocoaalii 

Dcqjmello 

FrrKHS 

Fox  I'ass 

Judith 

Pyramid 


18 

44 

55.29 

198 

41 

65.07 

254 

50 

12.46 

75 

Ott 

39.67 

263 

15 

35.5(i 

83 

29 

3a  15 

2H3 

08 

41.64 

103 

26 

20.83 

300 

04 

38.02 

120 

15 

26.24 

325 

57 

37.96 

146 

05 

03.40 

MeteT9. 
4.2062G96 
4.1209595 
4.3841602 
4.  4031041 
4. 3315202 
4.3586092 


PYRAMID,    FERCJITS    COUNTY. 

Station  is  on  bare  peak  of  that  name  4  miles  southwest  of  Maiden 
and  is  easily  ascended  from  any  direction. 

Station  mark:  A  2-inch  gas  pipe  1  foot  long  projecting  1  inch 
above  top  of  ground  and  cemented  into  the  compact  but  fissured  rock 
on  summit  and  about  4  feet  north  thereof. 


[Latitude  47"  08'  43.89''.     Longitude  109*  17'  54.17".] 


To  station- 


Fence  Corner 

South  Moeeasln. 
North  Moccasin. 

Dogmolle 

Judith 

Fox  Pass 

Tufted  Pine 


Azimuth. 


74  4.'>  17.96 

101  46  11.52 

146  05  03.40 

180  03  41.10 

215  23  27.66 

236  03  37.84 

345  08  37.70 


Back  azimuth.  '     ^i^^og. 


0 

, 

// 

Meters. 

254 

31 

19.88 

4.3980464 

281 

35 

46.59 

4.2031779 

325 

57 

37.96 

4.3580992 

0 

03 

42.13 

4.3492569 

35 

26 

49.81 

4.0005064 

56 

13 

50.18 

4.3253830 

165 

10 

27.13 

4.0899602 

SKACUiS,    FEROrS    COUNTY. 


On  edge  of  bluff  1.5  miles  south  of  Skagg's  ranch  and  about  8  miles 
east  of  Gilt  Edge  post-office.  Is  probably  in  sec.  3,  T.  15  N.,  R.  21  E., 
near  southwest  comer. 

Station  mark:  An  iron  bench-mark  post  set  3  feet  in  groimd. 

Reference  marks:  An  upright  beer  bottle,  cork  8  inches  below  sur- 
face of  ground;  distant  6.20  feet,  true  azimuth  from  station  2°  23'. 

[Liitltude  47°  05'  IS".     Longitude  109°  03'  14.90".] 


To  station- 


Azirauth. 


Back  azimuth. 


Tufted  Pine i        70    IS    4.3.  30  | 

Judith '       I3.S    50    37.71  t 

Fox  I'ass 177    02    19.88  1 


250 
313 


43 


49.00 
15. 13 


357    01    47.15 


I 


I 


Log. 
distance. 


Met6f8. 
4.2139046 
4. 2S.'->5408 
4.2592824 


SOUTH    MOCCASIN,    FERGUS    COUNTY. 

On  the  middle  peak  of  the  south  group  of  Moccasin  Mountains, 
between  Warm  Spring  and  Big  Spring  creeks. 

Station  mark:  A  bronze  tablet  cemented  in  a  large  rock  set  on  top 
of  hill,  over  which  is  placed  a  pine  tree  12  feet  high,  10  feet  spread  of 
limbs,  held  in  position  by  wires. 
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Reference  trees:  Pine  4  inches  in  diameter  true  azimuth  from  sta 
tion  195°,  21.3  feet  distant.  Pine  4  inches  diameter,  266''  30'  from 
station,  32.6  feet  distant. 

[Latitude  47°  W  44.08".     Longitude  109°  32^  06.41".] 


To  station— 


Azimuth. 


Fence  Corner... 

Nortli  Moccasin 

Doeraelle j      223 

Judith. 


30    45  31.47 

198    41  55.07 

49  22.57  i 

,      259    16  30.29  ' 

Pyramid 281    35  46.59 

Tufted  Pine.  —    -  


306    21    22.68  I 
BigSnowy 340    17    56.98, 


Back  azimuth. 


210  41  57.79 

18  44  55-29 

43  50  49.54 

79  30  17.78 

101  46  11.52 

126  33  36.52 

160  27  4a  19 


dist*DC5e. 


Meter*, 

1382S6I4 
4.2SS17?! 
4.41923> 
4.7008583 


TUFTED   PINE,    FERGUS   COUNTY. 

On  highest  rounded  hill  about  9  miles  east  of  Lewistown  and  3  miles 
southwest  of  Flat  Mountain.  Reached  from  Lewistown  via  road  up 
Boyds  Creek  for  5  miles,  then  take  right-hand  branch;  2  miles  farther 
road  branches  again;  take  right-hand  road  to  coal  mine,  thence  lo 
top  of  hill. 

Station  mark:  The  base  of  the  trunk  of  a  pine  tree  14  inches  in 
diameter  with  a  tufted  top  30  feet  above-ground. 

Reference  mark:  Bronze  trlangulation  tablet  set  in  limestone  rock 
at  highest  point  of  hill,  true  azimuth  from  station  227°  23',  distant 
14.6  feet. 

[Latitude  47°  02'  18.82".     Ix)ngitudc  100°  15'  24.78".] 


To  station- 


I 


Azimuth. 


Back  azimuth. 


Fe.iceCorner i  101  03  20.45 

South  Moccasin i  126  33  36.52 

Pyramid :...'  105  10  27.13 

Fox  I^ass I  211  18  14.62 

SIcaggs 250  09  49.00 


I 


280  47  33.72 

306  21  22.67  , 

345  08  37. 79 

31  26  36.92  I 

70  18  43.30  I 


difitanoe. 


3f^er*. 

4.4192s:* 
4.0H99(«! 

4.2I3BD# 


The  following  positions  are  located  by  three  or' more  intersections: 


NORTH    MOCCASIN    MOUNTAINS,    MIDDLE    PEAK. 

[Latitude  47°  17'  44.(i4".     Longitude  109°  2J»'  04.28".] 


To  station- 


Pyramid 

North  Moccasin. 


Azimuth. 


Back  azimuth. 


319    45    24  ; 
210    41    14 


dt9tance. 


139    53    36 
30    43    01 


Veten. 

4.-53ft5*i 
3L41Se» 


E.ASTERN    OP   TWO   TREES. 
(Latitude  47°  17'  32.4".     Longitude  100°  36'  15.5".] 


Middle  North  Mocc*isin 

1           267    33    65 

87    39    12 
157    27    32 

iftJTX 

South  Moccasin 

Xn     9A     9Q 

4. 13SN 
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Pyramid . 
Judith... 


NIPPLE-SHAPED   HILL,    HIGHEST  TREE. 
[Latitude  46<'  57'  dO".    Longitude  lOS"  42^  53".] 


To  station- 


Azimuth. 


Back  azimuth. 


Log 
distance. 


Meters. 
4.69020 
4.68303 


Pyramid 

South  Moccasin. 


LEWI8TOWN   HIGH   SCHOOL   (CENTER   OF   BUILDINO). 
[Latitude  47o  oy  45.55".    Longitude  109°  25'  34.23".] 


4.12041 
4.18590 


Judith 

South  Moccasin. 


SOUTH   MOCCASIN   MOUNTAINS    (NORTHWEST   PEAK). 

(Rock  monument  5  feet  high.) 
[Latitude  47°  11'  32.28".    Longitude  109°  32'  16.40".] 


I 


I 


4v>38252 
3.17699 


Judith.... 
I>ogmelie. 


JUDITH   MOUNTAINS    (MIDDLE    WEST   PEAK). 
[Latitude  47°  09'  10.82".    Longitude  109°  21'  14.62".] 


I 


4.09395 
4. 34106 


Pyramid 

South  Moccasin. 


PORPHYRY   PEAK. 
[Latitude  47°  12'  54.95".     Longitude  109°  15'  55.70".] 


WINDMILL. 
[Latitude  47°  04'  21".    Longitude  109°  31'  49.34".] 


BLACK    BUTTE,    NORTH   POINT   OP   DOUBLE   TOP. 
[Latitude  47°  14'  14.90".     Longitude  108°  58'  14.27".] 


3.91066 
4.31866 


South  Moccasin 

4.07320 

Fence  Comer 

3.82476 

Judith 

l>ograelIc. 


T 


4.28185 
4.44056 


Judith. 
Fergus. 


CONE   BUTTE. 
[Latitude  47°  15'  35.95".     Longitude  109°  04'  17.09".] 


4.08887 
4.03092 
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LIND8Y*8   RANCH  HOUSE. 
[Latitude  47°  ly  50.80".    Longitude  109°  26'  24.75".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log. 

distauce. 

Pyramid  

O             /                // 

O             ,               .r 

Meteri, 

Judith 

4.2IW 

SMALL  TREE   ON    SUMMIT   OP   HILL   WEST   OF   BARNES    KING    MINE. 
(Latitude  47°  17'  28.82".    Longitude  109°  28'  29.91".] 


Pyramid.. 
DogmoIIe. 


4.322S 
4.1^7^ 


DEERLODGE,   GRANITE,  POWELL,  AND  RAVALLI  COUNTIES. 
FHTLXPSBTTRG  AKD  SAPFHniE  QUADRANOLES. 

During  the  season  of  1905  H.  L.  Baldwin,  jr.,  topographer,  extended 
triangulation  eastward  from  stations  Quigg  and  Willow  to  stations 
Haggin  and  Powell.  Fourteen  primary  stations  were  occupied  and 
numerous  secondary  points  were  located  by  intersections. 

Positions  are  based  on  the  adopted  mean  value  of  Hamilton  and 
Helena  astronomic  stations  and  bases. 

BENCH-MARK    POST   5124,  DEERLODGE    COUNTY. 

(Not  occupied.) 
[Latitude  47°  07'  4o.5".    Longitude  112°  53'  43.6".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distanop. 

West  Mound 

o           ^               // 

O            /               /» 

Meier*, 

3.973a) 

HOWE,  DEERLODGE   COUNTY. 


(Not  occupied.) 
On  Continental  Divide;  elevation  10,475  feet. 

[Latitude  46°  02'  58.9".    Longitude  113°  12'  53.7".] 


To  station— 

Azimuth. 

Back  azimuth. 

L<«- 
distanoe. 

Ilaggin     ...                           

Oft' 

c    .,        „ 

Meters, 

4.0I(« 

Red  Lion 

4.425^ 
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SHORT  PEAK,  DEERLODGE  COUNTY. 

(Not  occupied.) 
East  peak  of  ridge  south  of  Haggin;  elevation  10,240  feet. 

(Latitude  46"  03'  39.8".    Longitude  113«»  06'  19.3".] 


185 


/, 


To  sUtlon— 

Azirautli. 

Back  azimutti. 

Log. 
distance. 

Haggin 

o          I            rr 

0             /                // 

Mders. 
3.50216 

Warren 

4.45502 

WASHOE    SMELTER    BMOKE    STACK,  DEERLODGE    COUNTY. 

(Not  occupied.) 
Station  mark:  Center  of  stack;  elevation  of  top  6,101  feet. 

(Latitude  46"  06'  44.1".     Longitude  1 12*>  54'  45".] 


To  station— 

Azimuth.           Back  azimutti. 

Log. 
distance. 

Haggin 

o           ,             .                      o           ,             . 

Meters. 
4  15681 

Poweil .' 

4.4.3271 

1 

WARM   SPRINGS,  INSANE   ASYLUM,  DEERLODGE   COUNTY, 

(Not  occupied.) 
(Latitude  46"  10'  474".    Longitude  112"  47'  28.1".] 


To  station- 

Azimuth. 

Back  azimuth. 

log. 
distance. 

Powell 

Off/ 

O             /           // 

322    50    00 
246    33    15 

Meters. 
4.37901 

Haesrin 

4. 40769 

WEST    MOUND,  DEERLODGE   COUNTY. 


(Not  occupitKl.) 


The  higher  of  two  lar^e  bare  mounds,  5  miles  north  of  Anaconda; 
elevation  7,209  feet. 


(Latitude  46"  12'  19.66". 

L< 

>ngltude  112"  56'  57.49".] 

To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Powell 

O            /           //      t                         0             /             // 

172    08    38  1            352    07    22 
40    58    53  1            220    .'i2    .^'i 

Meters. 
4.21473 

Haggin 

4.23491 
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BARE   HILL,  GRANITE   COUNTY. 

(Not  occupied.) 
(Latitude  48<'  OT  fi9.4".    Longitude  113*  44'  44.9".] 


To  station- 

Azimuth. 

Back  azimuth.  !     ^j£^^ 

Kent  

o           /              // 

'              3.6089 

Bmerine 

4.25M: 

BLACK   PINE,  GRANITB   COUNTY. 

On  a  bare  summit,  on  timbered  ridge  running  north  and  south,  2 
miles  east  of  Willow  Creek,  9  miles  northeast  of  junction  of  Willow 
and  Rock  creeks,  about  4  miles  west  of  the  deserted  town  of  Combina- 
tion. Best  reached  from  Rock  Creek  by  following  up  Willow  Creek 
Valley  and  taking  ridge  leading  to  first  timbered  point  south  of  station, 
thence  north  along  ridge. 

Station  mark:  A  rock  monument  6  feet  in  diameter  at  base  and  8 
feet  high. 

Reference  marks :  An  aluminum  tablet  buried  4  inches  below  surface 
of  ground  (at  point  occupied  by  instrument)  and  covered  with  a  small 
pile  of  loose  rock;  true  azimuth  from  station  266°  56',  distant  4.7  feet; 
a  6-inch  pine,  blazed  and  marked  with  a  triangle,  true  azimuth  198°  13', 
distant  77.1  feet;  a  6-inch  pine,  blazed  and  marked  with  a  triangle, 
true  azimuth  from  station  216°  26',  distant  62.9  feet. 

[Latitude  46°  26'  21.21'.    Longitude  US*'  26'  46.46'.] 


To  station- 


Warren.. 
Emerine.. 
Palisade.. 
Quigg.... 
Harvey.., 
Chicago.. 
Princeton 
Red  Lion. 


Admuth. 


1 
27 
64 
103 
191 


311 


37.98 
19.45 
23.13 
49.94 
31.86 
2L44 
1&32 
44.56 


Back  azimuth. 


.  Log- 
distance. 


0 

181 

04 

06.36 

207 

17 

13.86 

244 

35 

56.96 

283 

14 

01.08 

11 

20 

46.50 

53 

34 

12.42 

86 

59 

]a66 

131 

13 

32.24 

Metert. 
4.7O032K 
4.4K(M7 
4.5570824 
4.3313MS 
4.3035307 
4.483i^3!3 
4.390059 
4.40«B» 


CHICAGO,  GRANITE   COUNTY. 

On  the  highest  prairie  hill,  2  miles  south  of  the  town  of  New  Chicago, 
but  about  200  yards  north  of  the  highest  point  and  very  close  to  the 
east-west  section  line. 

Station  mark:  Iron  bench-mark  post. 

Signal:  Black  and  white  cloth,  temporary  in  nature. 

[  Latitude  46<»  36'  07.14*.    Longitude  113<»  07'  41.31*.) 


To  station— 

Azimuth. 

Back  azimuth. 

Log 
distance. 

BiaclcPlne 

o         »           // 

53    34    12  42 
94    42    09.93 
359    45    32.JB4 

o           #              *# 

233    20    2L44 
274    30    32.57 
179    45    35  23 

MHen. 
4.4830151 

Harvey 

4.3115010 

Princeton 

4.2240M0 
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CONGDON   PEAK,  GRANITE   AND    RAVALLI   COUNTIES. 

First  rocky  peak  2  miles  south  of  Fox  Peak.  A  wagon  road  leads 
from  Rock  Creek  up  Ross  Fork  Valley  to  mine  about  8  miles  distant. 
Best  route  is  thence  westward  by  trail  1  mile  to  Medicine  Lake,  thence 
southwest  on  trail  5  miles  to  Fox  Peak,  which  is  easily  ascended  from 
northeast  end  of  spur;  descend  then  to  northwest  about  400  feet  in 
elevation  to  avoid  slide  rock  on  southwest  face  and  thence  along 
ridge  southwest  to  peak. 

Station  mark:  A  rock  monument  3  feet  in  diameter  at  base  and  4 
feet  high. 

[Latitude  460  06'  15.91*.    Longitude  113°  46'  09.63''.] 


To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Warren 

O             /           // 

294    34    57 
36    45    38 

0            /          // 

114    48    23 
216    44    36 

Meters. 
4.42313 

Kent 

3.48725 

Highest  part. 


DOME-SHAPED    MOUNTAIN,  GRANITE   COUNTY. 

(Not  occupied.) 
[  Latitude  46<»  18'  28".     Longitude  113«  46'  46.4'.] 


To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Quigg 

Off/ 

13    39    41 
60    27    05 

Meters. 
4  30368 

Black  Pine 

4.47006 

EMERINE,  GRANITE   COUNTY. 

On  south  knoll  of  the  mountain  of  that  name  about  6  miles  west  of 
the  junction  of  East  Fork  and  Middle  Fork  of  Rock  Creek.  Top  of 
mountain  is  rocky  and  bare  and  difficult  of  ascent,  the  route  from  the 
south  being  perhaps  the  best. 

Station  mark:  A  rock  cairn  8  feet  in  diameter  at  base  and  9  feet 
high. 

Reference  mark:  An  aluminum  tablet  set  in  a  sloping  rock  face,  on 
the  east  side  thereof,  serves  as  a  reference  mark.  True  azimuth  from 
station,  250°  20',  distant  4.22  feet. 

[Latitude  46°  IV  21.79*.     Longitude  113'*  37'  67.96'.] 


To  sUtlon— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Kent 

O             f               ft 

42    04    07  28 
124    03    35.67 
168    42    21  25 
207     17     13  86 
250    26    5*5.29 
284    52    32.27 
328    50    55.22 

221    57    11.19 
303    53    16.85 
348    38    39.66 
27    25    19.45 
70    34    27.80 
105    15    48.33 
148    58    27.43 

Meters. 
4. 26''5236 

Palisade 

4. 345^147 

Quigg 

4.5233032 

Siadf  Pine.:::::.::::.::..:: ::: 

4.  49.W5I67 

Prairie 

4, 1529'06 

Haggin 

4. 6388509 

Warren 

4.4169071 
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PISH   PEAK,  GRANITE   COUNTY. 

(Not  occupied.) 
On  Continental  Divide;  elevation  10,240  feet. 

[Latitude  46*  OC  25.6^    Longitude  liy»  20'  03.8*.] 


To  station- 

Azimuth.           Back  azimuth.        di^^^^. 

Warren 

o         ,           n 

«       '        "            Met€T%. 

X9se:^ 

Emerine 

4. 4sr*' 

\                                         1 

FOURTH   PROMINENT  PEAK   SOUTHWEST  OP   MOUNT   WARREN,  GRANITE   COUNTY. 

(Not  occupied.) 
Station  mark:  A  rock  monument. 

[  Latitude  45*'  56'  25.75'.    Longitude  1 13**  2K/  53.86'.] 


To  station— 

Azlmuthi 

Back  azimuth.        diiSS^, 

Warren 

o            /               // 

"         '           "                 UtiCT$. 

3.S3:# 

Kent 

4.40M9 

FOX    PEAK,    GRANITE    AND    RAVALIJ   COUNTIES. 

A  wagon  road  leads  up  Ross  Fork  Valley  from  Rock  Cre^k  to  mine 
about  8  miles  distant.  Best  route  is  thence  westward  by  trail  1  mile 
to  Medicine  Lake,  thence  southw^est  on  trail  5  miles  to  Fox  Peak, 
which  is  easily  ascended  from  northeast  end  of  spur. 

Station  mark:  Rock  monument. 


[Latitude  46°  06' 12.63^. 

Longitude  113*»  45'  53.02".] 

To  station- 

Azimuth. 

Back  azimuth. 

Log 
disUnoe. 

Warren 

o           /         // 

298    17    00 
27    32    44 

o           /         */ 

118    30    13 
207    31    31 

443060 

Kent 

X676S 

HAGGIN,    GRANITE    COUNTY. 

On  Haggin  Peak,  8  miles  southwest  of  Anaconda;  easiest  ascent  is 
from  end  of  wood  road  leading  south  from  the  9-mile  house  on  Warm 
Spring  Creek,  thence  up  ridge  between  Barker  and  Haggin  lakes. 
Horses  can  be  ridden  to  an  elevation  of  9,800  feet;  thence  on  foot  to 
summit  of  mountain  along  ridge  to  east.  Ascent  can  also  be  made 
from  Anaconda  by  taking  road  leading 'to  the  waterw'orks  reservoir 
or  Hearst  Lake,  but  animals  can  be  taken  only  a  few  hundred  feet 
higher ;  ascent  on  ridge  w^est  of  lake  must  then  be  made  on  foot,  a 
2,000-foot  climb.     Elevation  10,598  feet. 
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Station  mark:  A  rock  cairn  6  feet  in  diameter  at  base  and  7  feet 
high. 

Reference  marks:  An  alumimmi  tablet  set  in  large  granite  rock, 
true  azimuth  from  station  211°  13',  distant  9  feet  9  inches. 


[ Latitude  46*»  05'  19.38".    Longitude  113<»  05'  41.79".] 


To  station— 

1        Azimuth. 

Back  azimuth. 

Warrpn 

1           o         ,            „ 

1        68    28    07.86 

O             /                // 

248    12    2a  01 
284    52    32.27 
299    24    17. 23 

Emerine 

Fralrle 

1      105    15    4a33 

1      119    40    02.64 

Red  Lion 

160    25    2a  01 

340    20    53L  16 

Princeton 

Powell 

176    28    41.03 

197    03    4a  66 

356    27    17. 05  1 
17    08    4a  64 

Log. 
distance. 


Meters. 
4.4810782 
4.6338509 
4.5095144 
4.3733384 
4.6QPI458 


HARVEY,    GRANITE   COUNTY. 

On  the  bare  summit  at  west  end  of  Harvey  Ridge,  near  headwaters 
of  Cow  Creek;  north  side  of  hill  is  timbered  but  south  and  east  slopes 
are  mostly  bare.     Is  about  12  miles  west  of  New  Chicago. 

Station  mark:  An  aluminum  tablet  set  in  red-sandstone  rock. 
.  Reference  marks:  An  8-inch  white  pine  trimmed  and  blazed  with 
a  triangle  cut  in  blazed  part  and  a  large  spike  in  center  thereof,  true 
azimuth  from  station  310°  13',  distant  87  feet. 

[  Latitude  46°  37'  (K).42".     Longitude  113°  23'  40.95".] 
To  station— 


Black  Pine. 

Chicago 

I'rinceton . . 
Red  Lion... 


Azimuth. 

0           f             /r 

11    20    4a  50 
274    .«    32.57 
311    46    47.16 
337    22    15.76 

Back  azimuth. 

o           /              // 

191    18    31.86 
94    42    09.93 
131    58    2a  04 
157    30    49.91 

Log. 
distance. 

Meters. 
4.3038307 
4.3115010 
4.4402764 
4.5962158 

MOORE,    ORANITE    COi:NTY. 

(Not  occupied.) 

On  Continental  Divide,  near  southwest  end  of  Methodist  Moun- 
tains. 

[  Latitude  45°  57'  51.62".     Longitude  1 13°  23'  3ti.62".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log, 
distance. 

Kmertne 

O             f               /f 

o            t               tt 

Meters. 
4.49301 

Kent 



4.51760 
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NEW   CHICAGO,    GRANITB   COUNTY. 

(Not  occupied.) 
Station  mark:  Center  of  church  spire. 

[  Latitude  4G°  37'  42.8".    Longitude  113*>  08'  17.3".] 
To  station— 


Ajdmuth. 


Back  azimuth.        ^J^. 


Black  Pine. 
Chicago 


°       '       •   ,       Meterg. 
228    12    30  4.3am 

165    26    40  I  a4»43B 


PEAK   2   MILES    EAST  OP   QUIGG,    OR.\NITE    COUNTY. 

(Not  occupied.) 
[  Latitude  46*»  28'  52.1".     Longitude  113«»  40'  45.25".] 


To  station- 

Azimuth.          Back  azimuth.        ji^^^ 

Palisade 

f 4.3eeoi 

Emertne 

, 4  51336 

1 

PEAK    E.VST    OP    HAGGIN    AMD    6    MILES    SOUTHWEST    OP    ANACONDA,    GRANITE    COUNTY. 

(Not  occupied.) 

Take  road  up  Sheep  Gulch  from  Anaconda  and  at  summit  thereof 
a  wood  road  leads  south  across  ravine  to  ridge,  on  which  the  peak  is 
situated;  follow  ridge  to  summit. 

Station  mark:  A  rock  monument  3  feet  in  diameter  at  base  and  4 
feet  high. 

[Latitude  46°  04'  53.9".    Longitude  113*  03'  65.4".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distance- 

Poweli                                                  *            

192    34    37 

°       '      "    '      Jieurs. 

12     38     23                    4  4»779 

Uaggin ^ 

109    01    00 

289    00    00 

3.38SC 

POINT   LOOKOUT,  GRANITE    COUNTY. 

(Not  occupied.) 
Shaft  house  of  Kent  and  Congdon  mine. 

[Latitude  46*  07'  35.4".    Longitude  113»  39'  45.9".] 


To  station- 

Azimuth.       '   Back  azimuth.        di^^Le. 

Fox 

o         /          » 

°     '       "    I      Mettn, 
3.918C 

Emorino     

3.86HJ9 

i 
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PRAIRIE,  GRANITE   COUNTY. 

About  3  miles  northeast  of  the  junction  of  East  Fork  of  Rock 
Creek  with  Ross  P^ork  and  West  Fork  of  Rock  Creek,  on  a  high, 
nearly  bare  prairie  hill. 

Station  mark:  A  pine  tree  standing  among  others  120  feet  north- 
east of  highest  part  of  hill,  with  the  lower  branches  trimmed.  It 
is  blazed  10  feet  above  ground  on  the  southwest  side  and  has  a 
triangle  on  blaze. 

Reference  mark:  An  aluminum  tablet  set  in  rock  about  2  inches 
below  surface  and  covered  with  small  rock  pile;  true  azimuth  from 
station,  243''  11',  distant  70  feet. 

[Latitude  46*  13'  55.461".    I/Ongitude  113'  27'  32.504".] 


To  station- 


Azimuth. 


Kent 

Emerine. 

Lion. 


54  29  06.79 

i  70  34  27.80 

I  144  38  06.66 

252  *29  55.33 

Haggin 299  24  17.23 


Warren. 


359    53    62.98 


Back  azimuth. 


o 

, 

„ 

234 

14 

39.52 

250 

26 

56.29 

324 

26 

52.39 

72 

41 

15.15 

119 

40 

02.64 

179 

53 

54.60 

Log. 
distance. 


Meters. 
4. 5018240 
4. 1529706 
4.5358043 
4.3246712 
4.5095145 
4.4331270 


PRINCETON,  GRANITE    COUNTY. 


Situated  on  Mount  Princeton,  west  of  the  head  of  Princeton  Creek 
and  4  miles  north  of  Princeton  post-office.  It  is  easily  reached  by 
taking  old  road  northward  from  Princeton  post-office  for  1.5  miles 
along  west  side  of  creek,  thence  up  the  bare  hill  to  station. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  a  pro- 
jecting rock  at  summit  of  hill,  surrounded  by  a  rock  monument  4 
feet  in  diameter  at  base  and  5  feet  high. 

Reference  mark:  Tall  bare  trunk  of  a  dead  pine  2  feet  in  diameter; 
true  azimuth  from  station  170°  18',  distant  111  feet  2  inches. 

[Latitude  46*  27'  04.62".    Longitude  113°  07'  38.01".] 


To  station- 


Red  Lion.. 
Black  Pine 

Harvey 

Chicago... 

Powell 

Haggin 


Ax 

imu 

th. 

Back 

azimuth. 

l-rOg. 

distance. 

o 

r 

,/ 

Meters. 

16 

44 

24.32 

196 

41 

20.78 

4.2752007 

86 

59 

10.66 

266 

45 

18.32 

4.3900569 

131 

68 

26.04 

311 

46 

47.15 

4.4402764 

179 

45 

35.23 

359 

4,5 

32.84  , 

4.2240669 

314 

01 

46.23 

134 

08 

24. 19  1 

4.2022534 

356 

27 

17.05 

176 

28 

41.03  1 

4.6061458 

PROMINENT    BARE    HILL,  GRANITE    COUNTY. 

(Not  occupied.) 
[Latitude  46°  16'  17.66".    Longitude  113"  33'  57.2".] 


To  station 


Azimuth.        I    Back  azimuth.   I     ^jj^og.^ 


Emerine. 
Qulgg.... 


Mftcrs. 
4. 02074 
4.42035 
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QinCG,  GRANITB   COUNTY. 

A  high  rocky  peak  about  20  miles  south  of  Quigley  and  about 3 
miles  east  of  the  westernmost  point  of  Rock  Creek,  from  which  point 
it  is  easily  accessible  along  the  ridge  leading  eastward  and  1  mile 
north  of  a  log  cabin  built  in  1905,  this  cabin  being  0.5  mile  north  of 
trail  leading  up  ridge  westward  to  Burnt  Fork  and  Steubenville. 
The  peak  is  about  4,100  feet  above  river,  sparsely  timbered  on  sides, 
with  summit  bare.  About  2  miles  to  the  east  is  a  conical  peak,  bare 
on  top  and  of  about  equal  height. 

Station  mark:  An  aluminum  tablet  set  in  solid  rock  over  which 
was  erected  a  cairn  6  feet  in  diameter  at  base  and  8  feet  high. 

Reference  marks:  CoT>per  nail  in  notch  on  west  side  of  pine  tree 
blazed  on  north,  east,  and  west  sides  (S) ;  true  azimuth  from  station 
352°  48',  distant  53.4  feet.  Copper  nail  in  top  of  pine  stub  blazeni  on 
four  sides;  true  azimuth  from  station  128°  01',  distant  27.2  feet. 
The  third  reference  point  left  by  Chapman  in  1898  has  disappeared. 

[LAtitude  46"  29'  01.36".    Longitude  1 13°  43'  04.32".] 


To  station- 


Kent 

Palisade 

WiUow 

Black  Pine. 
Red  Lion. . . 

Prairie 

Warren 

Emerine 

St.  Mary . . . 

Miller 

Mclycod 

Kamas 


Arlmuth. 

Back  azimuth. 

L<ig. 

distance. 

o 

, 

"      i 

MeUrs. 

7 

08 

23.70 

187 

05 

07..94 

4.6705o5l 

30 

(»4 

40.58  , 

209 

58 

02.07 

4.371H>« 

41 

12 

36.54  { 

221 

03 

41.08 

4.38ri3S40 

283 

14 

01.08  ' 

103 

25 

49.94 

4.33l3i>4S 

298 

13 

48.42 

118 

36 

24.30 

4.&VOD54 

324 

26 

52.39 

144 

38 

06.66 

4.5S5a>44 

339 

,% 

16.26 

160 

07 

30.80 

4.767W05 

348 

38 

39  66 

168 

42 

21.25 

4,5233012 

94 

50 

59.47 

274 

28 

07.87 

4.6i.*5»l« 

157 

16 

02.01 

337 

OS 

42.48 

4.52127«» 

167 

13 

20.58 

347 

04 

26.19 

4.84457tn 

192 

20 

26.79 

12 

32 

51.52 

4.5532809 

RED  LION,    GR.\NITE   COUNTY. 

On  bare,  rocky  point  1.5  miles  northwest  of  Red  Lion  mine  and  2 
miles  east  of  the  abandoned  towoi  of  Ramsey.  Elevation  by  Y  level 
8,773  feet.  Reached  by  trail  from  Red  Lion  tliru  saddle  0.75  mile 
south  of  peak,  also  by  same  trail  from  Ramsey. 

Station  mark:  A  rock  monmnent  5  feet  in  diametei  and  6  feet 
high. 

Reference  marks:  An  aluminum  tablet  set  in  soUd  rock,  true 
azimuth  from  station  20°  49',  distant  4.1  feet. 

[Latitude  46°  17'  20.08".    Longitude  113°  11'  51.58".] 


To  station— 

Az 

hnuth. 

10    23.72 
41    15.15 
36    24.30 
13    32.24 
30    49.91 
41    20.78 
30    16.10 
20    53.16 

Back  azimuth. 

210    59    06.91  1 
252    29    55.33 
298    13    48.42  ! 
311    02    44.56 
337    22    15.76 
16    44    24.32 
67    39    46.92 
160    26    2a01 

Log. 

Warren 

Prairie 

o 

31 

72 

118 

MeUrt. 
4u5E>140» 
4.32*C12 
46580034 

Black  I'ino 

131 

4l40«CZIO 

lljirvcv 

157 

4596215^ 

Princeton 

Powell 

Haggin 

190 

247 

340 

4.27S3fBT 
4.2616440 
4.3733384 
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SUGAR  LOAF,    GRANITE   COUNTY. 

(Not  occupied.) 
[Latitudo  40°  33'  15.5".    Longitude  113°  16'  42.2".] 


To  station- 

Azimuth. 

Back  asimuth. 

Log. 
distance. 

Princeton  

0             ,                ,, 

0             /                // 

Meters. 
4.21226 

Black  Pine 

4.25907 

SUMMIT  OP  HIGH,  SPARSELY  TIMBERED  HILL,  GRANITE   COUNTY. 

(Not  occupied.) 
[Latitude  46°  15'  56.3".    Longitude  113°  52'  33.2".] 


To  station — 


WiUow. . . 
Palisade. 


Azimuth. 


Back  azimuth, 


I 


Log. 
distance. 


Meters. 
a  85481 
3.59243 


THIRD  PROMINENT  PEAK   SOUTHWEST   OF   MOUNT   WARREN,    GRANITE   COUNTY. 


(Not  occupied.) 


[Latitude  45°  57'  00.2".    Longitude  113°  29'  5 

5.7".] 
Back  azimuth. 

To  station- 

Azimuth. 

Warren  

O              f                ft 

i 

Kent 

Log. 
distance. 


Meiers. 
3. 72167 
4.  41771 


WARREN,  GRANITE   COUNTY. 

On  Warren  Peak,  at  southwest  end  of  Methodist  Mountains.  Can 
be  reached  from^ock  Creek  and  Moose  Lake  as  follows:  At  1  mile 
above  Moose  Lake  leave  wagon  road  and  follow  a  trail  leading  east 
from  old  arr^tre,  going  due  east  3.5  miles.  At  a  tree  marked  ^'C  L'' 
trail  branches,  the  south  fork  going  to  Carp  Lake,  1.5  miles  distant, 
where  camp  may  be  established  and  mountain  ascended  by  ridge 
west  of  lake — a  dangerous  climb,  even  without  instrument. 

Station  mark :  A  rock  cairn  8  feet  in  diameter  at  base  and  8  feet  high. 

Reference  mark:  An  aluminum  tablet  set  in  a  rock,  true  azimuth 
from  station  291*"  36',  distant  9.85  feet. 

[Latitude  45°  59'  17.43".    Longitude  113°  27'  30.26".] 


To  station- 


Kent 

Emerlne. 


Praii 
Black  Pine. 
Red  Lion... 
Haggin 


Azimuth. 

Back  azimuth. 

Log. 
distance. 

o 

, 

,/ 

o 

/ 

II 

Meiers. 

108 

29 

43.33 

288 

15 

16.22 

4.4362608 

148 

58 

27.42 

328 

50 

55.22 

4.4169071 

100 

07 

30.80 

339 

56 

16.26 

4.  7679305 

179 

53 

54.60 

359 

53 

52.98 

4.  4.331270 

181 

04 

00.30 

1 

04 

37.98 

4.7002295 

210 

59 

0(1.91 

31 

10 

23.72 

4.6914006 

248 

12 

26.01 

68 

28 

07.86 

4.  4810782 
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WILMA  POST-OFFICE,  GRANITE   COUNTY. 

(Not  occupied.) 
South  end  of  Parkas  ranch  house. 

(Latitude  46°  U'  31.01".    Longitude  113°  28'  07.90".! 


To  station- 

Azimuth. 

Baclc  azimuth.   ' 

Log- 
distanop. 

Warren 

O             P                tf 

Meters. 
1355)4 

Emerine 

4.1(SS 

PIKES  PEAK,  POWELL   COUNTY. 

(Not  occupied.) 

Elevation,  9,359  feet. 

[Latitude  40°  25'  44.9".    Longitude  113°  00'  38.5".] 


To  station- 


Azimuth. 


Black  Pine. 
Red  Lion... 


Back  azimuth.  |     ^.^^^ 


MetfTM. 

4.5S496 
4.32661 


POWELL,    POWELL  COUNTY. 

Best  route  to  station  is  probably  up  Dempsey  Creek,  following  the 
northwest  prong  thereof,  and  on  to  the  flat  south  of  station.  It  can 
also  be  reached  from  the  north  and  east  up  Tincup  Joe  Creek,  but  is 
very  difficult  of  access  from  the  west. 

Station  mark:  A  rock  cairn  8  feet  high,  with  6-foot  base. 

Reference  marks:  An  aluminum  tablet  set  in  granite  rock;  true 
azimuth  from  station  201°  16',  distant  12.14  feet. 

[Latitude  46°  21'  05.67".    Longitude  112°  58'  42.21.".] 


To  station— 


TIacgin .  . . 
Red  IJoii . 
Princeton. 


Azimuth. 


Back  azimuth. 


17  08  46.54  I  197  03  43.66  , 
67  39  46. 92  247  30  16. 10  ' 
134    08    24.19  I      314    01    46.23 


Lojr- 
di  stance. 


Mflm. 

4.4852983 
4.3Plft44B 
4.a022534 


I 


DEER   MOUNTAIN,    R.WALLI   COUNTY. 

(Not  occupied.) 
[Latitude  46°  01'  40.1".    Longitude  114°  03'  13..r'.] 


To  station- 

Azimuth. 

Back  azimuth. 

Log. 
dlstADoe. 

Warren 

o           /              // 

95    40    13 
73    15     11 

1 

Meun. 

4.6*574 
4.3RU7 

Congdon 
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KENT,   BAVALLI  COUNTY. 

On  a  bare,  rocky  smnmit,  the  third  from  the  north,  near  headwaters 
of  west  prong  of  Ross  Fork  of  Rock  Creek  and  8  miles  southwest  of 
Kent  and  Congdon  mine.  A  wagon  road  leads  from  Rock  Creek  up 
Ross  Fork  Valley  to  the  mine.  Best  route  is  thence  westward  by 
trail  1  mile  to  Medicine  Lake,  thence  southwest  on  trail  5  miles  to 
Fox  Peak,  which  is  easily  ascended  from  northeast  end  of  spur; 
descend  from  peak  to  northwest  about  400  feet  in  elevation  to  avoid 
slide  rock  on  southwest  face,  and  thence  along  ridge  southwest  to  foot 
of  station,  passing  east  of  the  rocky  peak  lying  between  Congdon  and 
and  Kent  peaks.     Good  camping  place  1  mile  northeast  of  station. 

Station  mark :  A  rock  monument  7  feet  in  diameter  at  base  and  7  feet 
high,  on  highest  point  of  rocky  summit. 

Reference  mark:  An  aluminum  tablet  2  feet  northwest  of  edge  of 
monimaent,  set  in  a  large  rock  upon  which  the  cairn  rests;  true  a2a- 
muth  from  station  146°  24',  distant  3  feet  6  inches. 


[Latitude  460  03'  66.23". 

Longitude  113°  47 

35.15".] 

To  station— 

Asimutli. 

Back  admuth. 

Log. 
distance. 

Palisade 

o           /              // 

167    06    11.90 
187    05    07.94 
221    55    11.19 
234    14    39.52 
288    15    16.22 

o           /              // 

347  02  50.20 
7  08  23.70 
42  04  07.28 
64    29    06.79 

108    29    43.33 

Ifeters. 
4.4281934 

Ouigg 

4.6705581 

Ernerlne ...           

4.2675236 

Prairie 

4.5018240 

Warren                               

4.4362698 

PALISADE,    RAVALLI  COUNTY. 

On  the  double  rocky  top  of  a  dividing  ridge  between  Willow  Creek 
and  Burnt  Fork,  about  14  miles  due  east  from  Corvallis.  Station  is 
reached  by  going  from  Corvallis  up  Willow  Creek  to  end  of  road, 
thence  by  trail  to  a  point  about  2  miles  above  old  sawmill,  where  trail 
forks;  take  left-hand  fork,  which  may  lead  to  summit.  Elevation 
about  8,500  feet. 

Station  mark:  A  rock  cairn  5  feet  in  diameter  at  base  and  7  feet 
high  on  highest  part. 

Reference  mark:  An  aluminum  tablet  set  in  rock;  true  azimuth 
from  station  116°  51',  distant  5  feet  lOJ  inches. 


Bull.  310-07 14 


[Latitude  46o  18'  02.34". 

Longitude  113°  52'  14.69".] 

To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Willow 

o            /              // 

119    16    39.85 
209    58    02.06 
244    35    56.98 
303    53    16.86 
347    02    50.20 

299    14    23.17 
30    04    40.58 
64    54    23.13 
124    03    35.67 
167    06    n.90 

Meters. 
3.6661373 

Quigg 

4. 3711049 

Black  Pine      

4-5576824 

Enierine 

4.3450147 

Kent                     

4.4281934 
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67,    RAVALLI   COUNTY. 

(Not  occupied.) 
Lower  of  two  timbered  points. 

[Latitude  46°  24'  43.2".    Longitude  1 13*»  4Sr  28.3".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log, 
dist&Qoe. 

Palisade 

o         t           n 

o            /              // 

Metert. 

4.10QW 

WiUow 

4.1Q30O 

68,    RAVALLI   COUNTY. 

(Not  occupied.) 
Higher  of  two  timbered  points. 

[Latitude  46"  2^  69.8".    Longitude  1 13"  fiC  04.7".] 


To  station- 

Azimuth. 

Baclc  azimuth. 

Log. 
iUstaooe. 

Pali  wl«  

o           /              •/ 

o         r           rr 

MeUTt, 

4.12014 

WUlow 

4.10123 

willow;  RAVALLI   COUNTY. 

A  station  in  the  base  expansion,  15  miles  northeast  of  Hamilton,  on 
a  bald  summit  of  the  range  on  the  eastern  side  of  the  Bitterroot 
Valley  and  about  4,000  feet  above  it.  Can  be  reached  by  following 
up  Willow  Creek  from  Corvallis  to  a  half-finished  log  cabin,  thence 
up  a  leading  spur  to  station,  the  latter  part  of  the  way  being  through 
lodge-pole  pines  and  difficult  to  travel.  This  station  can  be  used  in 
the  extension  of  triangulation  in  any  direction  except  eastward. 

Station  mark:  A  copper  bolt  in  rock  ledge.  Signal  is  a  pine  tree 
placed  over  bolt  and  braced  in  position. 

[Latitude  46°  W  15.72".    Longitude  113°  55'  23.70".] 


To  station — 


QuJpg 

Palisade 

Dalv- 

El  Capitan 

South  base 

Ward  (2) 

Ward  (1) 

Astronomic  pier 

Nortli  base 

St.  Mary 


Azimuth. 

Baclc  azimuth. 

Log. 
disUnce. 

o 

/ 

,f 

o 

, 

„ 

MH€TM, 

221 

03 

41.08 

41 

12 

36.54 

4.38Q3M0 

209 

14 

23.17 

119 

16 

39.85 

3.G66U73 

37 

52 

02.00 

217 

47 

48.75 

4  (KTStOO 

46 

38 

13.00 

226 

17 

46.10 

4.70lJtiaO 

62 

06 

38.56 

231 

56 

56.56 

4.34015K 

50 

11 

33.24 

238 

55 

53.90 

4.5116S3B 

59 

20 

44.67 

239 

05 

10.47 

4.50»fi«6 

65 

41 

35.41 

245 

31 

37.08 

4.2»91M>4 

74 

49 

03.84 

254 

38 

65.30 

4.27125Ch 

131 

06 

18.50 

310 

52 

19.34 

4.5129510 
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NEW   MEXICO. 

TRIANGULATION    STATIONS. 
BERNALILLO,  SOCORRO,  AND   VALENCIA   COUNTIES. 

During  December,  1904,  and  January  and  February,  1905,  triangu- 
lation  was  extended  over  three  30-niinute  quadrangles  and  one 
15-minute  quadrangle  in  the  valley  of  the  Rio  Grande  by  R.  H. 
Chapman,  topographer. 

A  base  5.943  miles  in  length  was  measured  near  San  Antonio  on  a 
tangent  of  the  Santa  Fe  Railway  and  an  azimuth  observed  at  North 
base  station,  with  a  check  azimuth  at  Socorro  Peak.  A  position  for 
North  base  station  was  assumed  and  computations  made  through 
closed  figures  to  the  vicinity  of  Albuquerque,  where  a  tie  was  made  to 
Black  Rock,  a  point  established  by  A.  P.  Davis  in  1887,  and  to  the 
cross  on  the  Roman  Catholic  Church  at  Albuquerque,  which  is  one 
of  the  points  given  by  R.  S.  Woodward  in  his  astronomic  deter- 
mination of  1885. 

The  difference  in  position  at  Black  Rock  was  applied  as  a  constant 
correction  to  the  points  in  the  scheme.  The  positions  given  are 
therefore  based  on  those  brought  eastward  from  the  base  and  astro- 
nomic determination  at  Fort  Wingate,  N.  Mex.,  and  are  very  close  to 
the  United  States  standard.  Fifteen  stations  were  occupied,  while 
signals  were  erected  on  15  stations,  one  of  which,  Magdalena  Peak, 
was  not  occupied.  There  were  21  points  intersected  in  the  towns 
along  the  river  or  adjacent  to  the  railroad  lines. 

ALBUQUERQUE,  UNIVERSITY  FLAGPOLE,  BERNALILLO   COUNTY. 

At  University  of  New  Mexico,  on  east  extension  of  Railroad  avenue, 
on  bench  overlooking  the  city. 

Station  mark:  Center  of  north  flagstaff. 

(Latitude  ZB"  04'  63.82".    Longitude  106*>  37'  28.25".] 


To  station- 


I^unaa. 
Islota.. 
Vulcan 


Azimuth. 


27 
27 
116 


10  04.12 
47  37.00 
32  50.76 


Back  azimuth. 


207  04  04.51 
207  43  55.00 
290  27  47.22 


Log. 
distance. 


Meters. 
4.5435053 
4.3061900 
4. 1741868 


VUIX^AN,  BERNALILLO   COUNTY. O 


The  northernmost  of  three  rocky  buttes  on  the  Mesa  Prieta,  about  6 
miles  northwest  of  Albucjuerque.  Highest  point  in  vicinity.  Easily 
reached  from  south  end  of  bridge  at  Albuquerque  by  wagon  road  to 


a  Same  as  Black  Rock  station,  A. P.  Davis,  1887. 
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quarries  3  miles  nearly  south  of  triangulation  station,  thenc-e  by 
wagon  northward  on  Mesa  Prieta  to  east  foot  of  butte  (100  feet  below 
top),  thence  by  pack  mule  to  summit. 

Station  mark:  An  aluminum  bench-mark  tablet  in  flat  basalt  rock, 
weighing  several  tons,  about  20  feet  southwest  of  highest  rock  on 
butte. 

Signal:  A  tripod  about  16  feet  high;  above  it  a  flagstaff. 

Reference  marks:  Cross  cut  on  solid  rock  10.4  fe«t  south;  cross  cut 
on  solid  rock  9  feet  north. 


[Latitude  35o  08'  30.10".    Longitude  106<»  46'  16X0".] 

To  station— 

Azimuth. 

Back  azimuth. 

Log. 

Lunas 

o           t             tt 

3    51    15.25 

41    49    21.94 

296    27    47.22 

299    35    59.84 

350  50    36.00 

351  47    34.38 

o           /              // 

183    50    17.86 
221    33    29.(e! 
116    32    30.76  1 
119    40    03.85  1 

170  52    18.00  1 

171  49    53.30  1 

1 

4.57saoin» 

Lucoro 

4.902^38 

University  of  New  Mexico 

4.  ITilSi* 

Albuquerque  (Roman  Catholic  Church) 

4.0919^15 

Isleta 

4.16?S!CG 

Tome 

4.63550SS 

CAMPANA,  SOCORRO   COUNTY. 

A  rocky,  bare  hill  about  5  miles  a  little  east  of  south  of  Carthage 
(Hilton  Mines),  about  10  miles  southeast  of  San  Antonio,  on  highest 
point  of  Sierra  Campana.  Wagon  can  be  taken  to  point  less  than 
0.25  mile  northeast  of  station. 

Station  mark:  A  bronze  triangulation  tablet  in  solid  rock,  over 
which  a  tripod  7  feet  high  was  erected. 

Reference  marks:  A  60-penny  spike  in  crevice  of  rock  south;  two 
60-penny  spikes  driven  in  crevice  of  rock  northwest. 


[Latitude  33°  50'  64.49". 

Longitude  106°  42^  44.06".] 

To  station- 

Azimuth. 

Back  azimuth.  . 

distance. 

South  base 

O            f               It 

60    04    65.35 
89    40    03.56 

248    58    54.27  | 
289    32    08.25  ' 
281    21     43.40  1 
316    53    54.81 
354    57    39.27 

M€ttr: 

4.25a06» 

Chupadera 

4.34122S4 

North  base 

101    27    03.61 

4.17M138 

Socorro 

137    02    17.95 
174    58    28.65 

4.5300^ 

Canas  .           -     ..  .........  ............ 

4.412r7*» 

CANAS,    SOCORRO   COUNTY. 


On  north  end  of  yellow  ridge,  about  10  miles  due  east  of  Rio  Grande 
at  Socorro,  about  10  miles  southeast  of  Publitos  (Escondida  crossing 
of  river).  It  is  about  1  mile  from  Chupadera  (west)  road,  about  6 
miles  southeast  of  Ojo  de  la  Parida,  5  miles  southeast  of  Ojo  Meado. 
and  just  south  of  road  to  cedar  woods. 

Station  mark:  A  bronze  triangulation  tablet  set  in  solid  rock,  over 
which  is  a  tripod  12  feet  high.     Black  and  white  band  on  signal. 
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[  Latitude  34°  04'  50.87''.     Longitude  lOG*  44'  12.44".] 


To  station- 


Azimuth. 


Back  azimuth. 


Log. 
distance. 


Chapadera 
Socorro... 
Polvadera. 
Ladrones. 
Tunitutu. 
Campana. 


37  12  34.41 

87  19  2a  SO 

115  16  57.63 

140  51  00.84 

187  27  01.33 

354  57  391 27 


217  05  27.03 

267  11  45.36 

295  08  14.89 

320  39  15l56 

7  28  4a52 

174  58  2&65 


Meters. 
4. 5121759 
a  3191492 
4.4213690 
4.7046962 
4.5660206 
4.4127788 


CHUPADERA,    SOCORRO   COUNTY. 

A  bare  rocky  mountain  about  6  miles  southwest  of  San  Antonio  and 
about  6  miles  northwest  of  Elmendorf  siding;  easily  ascended  with 
horses. 

Station  mark:  A  bronze  triangulation  tablet  in  soUd  rock,  over 
which  is  a  tripod  6  feet  high  with  black  center  pole. 

[Latitude  33°  50'  49.54".    Longitude  106°  66'  67.42".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Socorro....    ..               

o         /          n 

177    12    41.76 
217    05    27.03 
246    21    ia94 
269    32    08.25 
319    51    01.33 

O             /                // 

357  12  1&32 
37  12  34.41 
66  23  52.20 
89    40    03.66 

139    52    55i20 

Meters, 
4.3971451 

Canas  

4. 6121750 

North  base 

a  8931043 

Campana 

4.3412284 

Souw  t)ase 

a  9118757 

I8LETA,  SOCORRO  COUNTY. 

(Secondary.) 

On  highest  point  and  at  south  end  of  black  malpais  hill,  about  2 
niiles  west  of  Isleta,  locally  known  as  Isleta  Hill ;  easily  ascended. 

Station  mark:  Triangle  cut  in  top  of  malpais  bowlder. 

Reference  marks:  Crosscut  in  solid  rock  15  feet  north;  crosscut  in 
solid  rock  9  feet  southeast. 

[  Latitude  34°  5^  12.7".     Longitude  106°  43^  40.0".] 


To  station-T 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Lunas 

0         t          ft 

26    15    22 
170    52    18 
207    43    55 
353    06    24 

o           /          // 

206    12    55 
350    50    36 
27    47    37 
173    07    14 

Meters. 
4.16788 

Vulcan 

4.39004 

University  of  New  Mexico 

4.30619 

Tome • 

4  26313 

NORTH   BASE,    SOCORRO   COUNTY. 


About  2  miles  south  of  San  Antonio  station,  on  Atchison,  Topeka 
and  Santa  Fe  Railway.  It  is  about  500  feet  south  of  road  crossing];  and 
135  feet  south  of  north  end  of  and  below  first  curve  south  of  railway 
station.     Signal  and  center  30  feet  west  of  west  rail. 
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Station  mark:  A  bench-mark  post  set  3.5  feet  in  ground  in  one-half 
cubic  yard  of  cement  and  sand. 

Reference  marks:  Three  standard  iron  posts  set  as  follows:  One  15 
feet  west  of  center,  perpendicular  to  line  measured ;  one  15  feet  east  of 
center,  perpendicular  to  line  measured;  one  15  feet  north  of  center  on 
extension  of  line  measured. 

[  Latitude  33°  52^  31.23".    Longitude  106»  52'  18.76".] 


To  statlor  - 


Aximuth.  Back  azimuth.  |     dj^^l^jg^ 


I  o  /  // 

Southbaae 11  29  1^93 

Chupadera I  66  23  52.20 

Campana 281  21  4a40 


o 

/ 

"      I 

Meter*, 

191 

28 

35.70  , 

a98071ID 

246 

21 

16l94 

3,fmiOG 

101 

27 

03L61 

4L  17811^ 

POLVADBRA,  SOCORRO  COUNTY. 

A  sharp  rocky  peak  4  miles  southwest  of  Polvadera;  locally  called 
Polvadera  Mountain  and  by  some  Limitar  Mountain.  Can  be  seen 
from  valley  (Rio  Grande)  from  San  Antonio  nearly  to  Albuquerque, 
and  is  easily  ascended  from  all  sides. 

Station  mark:  A  bronze  triangulation  tablet  in  solid  rock,  over 
which  is  a  cairn  8  feet  high. 

Reference  marks:  A  cross  cut  on  rock  16  feet  south  of  center;  a 
cross  cut  on  rock  20.7  feet  northwest  of  center. 

[  Latitude  34°  10'  55.62".    Longitude  106<»  59'  44.10".] 


To  station— 

Aeimuth. 

Back  azimuth. 

Log. 

distant*. 

Magdalena 

O             f               ff 

39    55    32.00 
HI    25    ia31 
163    40    4L19 
228    27    4&  17 
295    08    14.89 
345    57    3L31 

o           /              // 

219    49    OaOO 
291    15    0131 
343    37    4a  18 
48    3S    ia44 
115    16    57.63 
165    58    38  26 
165    58    43.6 

Jiaert. 
4.44100^ 

Sanders 

4.€I5Um 

Ladrones 

4. 4630308 

Turututu 

4.5^166^8 

Canas 

4.^iai«o 

Socorro 

4.100Tt«S 

Socorro  (observed) 

1 

SANDERS,    SOCORRO   COUNTY. 

About  12  miles  a  little  west  of  north  of  Magdalena,  4  miles  west  of 
west  fence  of  Sander's  pasture,  on  highest  point  of  ridge  north  and 
south.  Point  has  scattering  cedar  and  pifion  and  shows  sharp  scarp 
toward  east.  Can  be  ascended  by  horse  from  any  direction,  but  more 
easily  from  south  or  west. 

Station  mark:  A  bronze  triangulation  tablet  in  solid  rock,  over 
which  is  a  cairn  about  10  feet  high. 

Reference  marks:  Nail  in  blazed  side  of  pifion  stimip  8.9  feet  west 
of  center.     Blaze  marked  **B  T  A.''     Nail  at  bottom  of  blaze. 
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[  Latitude  34o  le'  48.61".    Longitude  107*>  17'  62.02".] 


To  station— 


Ladrones.. 
Polvadera. 
Socorro... 
Magdalena 


Admuth. 


228  47  47.00 

291  15  04.31 

306  41  04.84 

342  21  11.00 


Back  azimuth. 


48  54  59.73 

111  25  ia31 

126  52  2a  05 

162  25  04.00 


Log. 
distance. 


Meters, 
4  4153166 
4.4755601 
4.5866041 
4.5269200 


SOCORRO  PEAK,  SOCORRO  COUNTY. 


On  the  lower  eastern  peak  of  a  double-topt  mountain,  about  3  miles 
west  of  Socorro.  The  point  is  bare  except  for  scattering  cedar  scrub, 
and  is  easily  reached  from  Socorro  by  wagon  road  to  Coon's  mines, 
thence  by  trail  to  ridge  just  south  of  summit. 

Station  mark:  A  bronze  triangulation  tablet  in  solid  rock,  over 
which  is  a  tripod  12  feet  high,  with  white  flag  over  it  and  white  bands 
below  peak. 

Reference  marks:  A  cross  cut  in  top  of  bowlder  18.3  feet  west  of 
center;  a  cross  cut  in  top  of  bowlder  17  feet  northeast  of  center. 

[Latitude  34"  04' 18.51".    Longitude  106°  57' 44.77".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

flandorn 

o        /          /r 

126    52    2a05 
165    58    3&  26 
165    58    4a  60 
267    11     45.36 
316    63    54.81 
357    12    15.32 

o           /              // 

306    41    04.84 
345    57    31.31 

Meters. 
4.5866041 

Polvadera 

4.1007899 

Poivadera  (observed) .        .. 

Canas 

87    19    2a  50 
137    02    17.95 
177    12    41.76 

4.  3191492 

Campana 

4.5300582 

Chupadera 

4.3971451 

SOUTH   BASE,    SOCORRO   COUNTY. 


About  7.5  miles  south  of  San  Antonio  and  about  8.5  miles  north  of 
San  Marcial,  on  Atchison,  Topeka  and  Santa  Fe  Railway.  It  is  190 
feet  north  of  south  end  of  tangent. 

Signal :  30  feet  west  of  west  rail. 

Station  mark:  Standard  bench-mark  post  set  3.5  feet  in  ground,  in 
one-half  cubic  yard  of  cement  and  cinders. 

Reference  marks:  Standard  bench-mark  posts  as  follows:  One  15.02 
feet  west  of  center,  perpendicular  to  line  of  measurement;  one  per- 
pendicular to  line  of  measurement;  one  15.12  feet  south  of  center,  in 
extension  of  measurement. 


(Latitude  23"*  47'  26.97".    Longitude  106°  53'  32.82".] 


To  station— 


Chupadera. 
North  base 
Campana. . 


Azimuth. 


139  52  55.205 
191  28  35.097 
248    58    54.266 


Back  azimuth. 


319  51  01.320 
11  29  ia928 
69  04  55.346 


Log. 
distance. 


Meters. 
a  9118757 
3.9807180 
4.2520039 
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TURUTUTU,    SOCORRO   COUNTT. 

On  a  black  malpais  hill,  about  10  miles  northeast  of  La  Joya  and 
one-half  mile  west  from  La  Joya-Manzano  road.  Local  name,  Cerro 
Turn  tutu. 

Station  mark:  A  bronze  triangulation  tablet  set  in  solid  rock,  over 
which  is  a  tripod  12  feet  high.     Tripod  carries  a  6-foot  flagstaff. 

Reference  marks:  Cross  cut  in  rock  5.6  feet  northeast;  cross  cut  in 
rock  11.1  feet  south. 

[Latitude  34*  24'  36.65".    Longitude  106*»  41'  05.53".] 


To  Btation- 


Canaa 

Poivadera. 
Ladrones.. 

Lucero 

Lunas 

Tome 


Azimuth. 

Back  azimuth.  | 

1 

Log. 
dlstaxtor. 

O             /                // 

o           .              ,. 

MetfT9, 

7    28    4&52 

187    27    OL  33 

4.6660306 

48    38    1&  44 

228    27    4a  17  ' 

4.SSIW168 

94    21    49103 

274    08    15u20 

4.5666170 

123    50    6&»7 

303    41    1&  76 

4.7825605 

166    28    52.07 

346    24    5&  90  1 

4L6«8116 

177    26    28.61 

357    24    47.94 

1 

4.5849130 

LUCERO,    VALENCIA   COUNTY. 

A  small  rocky  summit  at  east  end  of  Lucero  mesa,  about  28  miles 
west  of  Los  Lunas;  easily  ascended  with  saddle  animals  from  north. 
Timber  and  a  small  amount  of  grass  on  mesa. 

Station  mark:  A  bronze  triangulation  tablet  in  solid  rock,  over 
which  is  a  tripod  about  12  feet  high  carrying  a  4-foot  bushy  top. 

Reference  marks:  Cross  cut  in  rock  10.6  feet  south  of  station; 
cross  cut  in  rock  8.9  feet  north  of  station;  spike  in  blazed  gum  stump 
21.4  feet  southwest  of  station. 

[latitude  34*  42'  51.08".    Longitude  107»  14'  00.26".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Vulcan  

o           /             // 

221    33    29.08 
256    14    33.78 
264    22    03.41 
303    41    1&66 
336    13    46.07 

0             /                t^ 

41     49    21.91 
76    29    25l49 
84    40    09.82 
123    50    5Su62 
156    18    49.68 

Meter*. 

4l80QS363 

Lunas 

4.G120670 

Tome 

4.6878101 

Turututu 

4.7^25605 

Ladrones 

4L  5300700 

LUNAS,  VALENCLA.  COUNTY. 

A  high,  rocky,  sandy  hill,  5  miles  a  little  south  of  west  of  IjOs  Lunas. 
Very  prominent  and  locally  known;  horses  can  be  ridden  to  top. 
Every  station  of  scheme  developed  northward  of  San  Antonio  base  is 
visible  with  exception  of  two  base  stations.  I^ocal  name  Sierra  Los 
Lunas. 

Station  mark:  A  bronze  triangulation  tablet  in  soUd  rock,  over 
which  is  erected  a  tripod  14  feet  high,  carrying  a  6-foot  flagstaff. 
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Reference  marks:  Cross  cut  in  rock  8.9  feet  north;  cross  cut  m  rock 
6.75  feet  west. 

[Latitude  34°  48^  04.20".    Longitude  106«  47'  5(5.12".] 


To  station- 


Azimuth. 


Ladrones 32  53  n.65 

Lucero 76  29  25.45 

Vulcan 183  50  17.86 

Albuquerque 202  44  57.25 

Isleta 206  12  56.00 

University  of  New  Mexico 207  04  04  51 

Tome 299  47  31.46 

Tunitutu I  346  24  58.90 


Back  azimuth. 

Log. 
distance. 

o 

, 

/, 

Meters. 

212 

43 

27.00 

4.6847658 

256 

14 

3a  78 

4.  6120870 

3 

51 

15.25 

4.5782076 

22 

49 

57,57 

4.5359000 

26 

15 

22.00 

4.1678800 

27 

10 

04.12 

4.5^5053 

119 

60 

4a  92 

4.0018224 

166 

28 

52.07 

4.6498118 

TOME,  VALENCIA   COUNTY. 

On  a  black  malpais  hill,  about  5  miles  south  of  Lunas  and  3  miles 
northeast  of  Tome.     Horses  can  be  ridden  to  top. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid 
rock,  over  which  is  a  tripod  14  feet  high,  carrying  a  6-foot  flagstaff. 

Reference  marks:  Cross  cut  in  rock  15.3  feet  north  of  station; 
cross  cut  in  rock  7.25  feet  south  of  station. 


[Latitude  34°  45'  22.15".    Longitude  106°  42'  13.47".] 


To  atation- 


Ladrones. 
Lucero... 
Lunas — 
Vulcan... 

Isleta 

Turututu 


Azimuth. 


o 

/ 

„ 

44 

31 

1&94 

84 

40 

091  82 

119 

50 

4a  92 

171 

49 

53.30 

173 

07 

14.00 

357 

24 

47.94 

Back  azimuth.       ^^^^^^^ 


224  18  ia09  I 

264  22  03.41 

299  47  31.46 

351  47  34.38 

353  06  2100 

177  25  26.51 


Meters. 
4.6985359 
4. 6878101 
4.0018224 
4.6355953 
4.2631295 
4.  5849130 


SECONDARY   TRIANGULATION    STATIONS. 


ALBUQUERQUE,  BERNALILLO   COUNTY. 


Latitude. 


Catholic  Church  cross '    35    05    11.80 

Catholic  Church  (astronomic) 35    05    09. 70 

Old  town  court-house  tower 35    05    40. 15 


Sawmill,  dust  burner. 


Sr,    06    13.70 


Longitude. 

To  station - 

Log.  dis- 
tance. 

•       /        // 
106    39    11.79 
106    39    23.04 

Limas 

Vulcan 

Meters. 
4.53.')9000 
4.0919815 

106    40    06.40 

Lunas 

4.5397o00 

Vulcan 

4.0304000 

106    39    38.89 

Lunas 

4.5546900 

Vulcan 

4.a'?73500 

Church,  east  spire. 


ISLETA,  BERNALILLO    COUNTY. 


34    54    32.97 


106    41    33.74 


4.23a'>4 
4.18818 


Flour-mill  tower. 


BELEN,  V.VLENCIA   COUNTY 
34    39    37.56     106    46    32.17 


Tome.. 
Lunas. 


4.09668 
4.19748 
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LA  JOYA,  VALENCIA  COUNTY. 


Latitude. 

Longitude. 

To  station— 

o            t            » 

o          f          m 

tion  chimney 

34    22    05.11 

106    51    26.06 

Polvadcra 

Ladrones 

Log.  di»- 


Meun. 

4.3MS2 
4.34601 


LOS  LUNA8,  VALENCLA.   COUNTY. 


Railroad  windmill 

34    48    16.25 

106    44    08.43 

Tome 

Lunas 

3  7*#502 

3, 76340 

RIO   PUERCO   BRIDOE,  VALENCIA   COUNTY. 


Middle  pier 

34    23    39.44 

106    50    44.43 

Polvadera 

Ladrones 

'         4  43200 

4.3508S 

1 

SAN    ACACIA   MESA,  VALENCIA   AND   SOCORRO   COUNTIES. 


Top  of  mesa,  comer  at  principal 
meridian  and  base  line  nortli- 
west. 


34    15    36.28 

106    53    12.92     Canas 

4.3ME 

Polvadera 

4.i2iai 

ALAMILLO,  SOCORRO    COUNTY. 


Railroad  windmill !    3-t    H    28.05 

i 


106    M    21.70     Canas 

Polvadera. 


4.37402 
4.0£i67 


LBMITAR,  SOCORRO   COUNTY. 


Churchspiro 34    09    38.29  1106    64    25. 48     Canas .. . 

1    ■  I  Socorro. 


4.2S6» 
4.(HS3S 


LUIS   LOPEZ,  SOCORRO   COUNTY. 


Church  spire. 


33    50    29.78 


106    53    10.88 


Campana . 
Canas 


4  .^5431 

4  nam 


MAGDALENA, SOCORRO   COUNTY. 


Sohoolhousc 

Railroad  water  tank . 


. I    34    06    48.80 
.'    31    07    04.05 


107    14    29.00 
107    14    40.93 


Ladrones.. 
Sanders.. 
Polvadera. 
Sanders... 


4.S4f7 
i.2SXr4 

4.>t24 
4.27108 


POLVADERA,  SOCORRO  COUNTY. 


Churohspire 34    12    26.69  1106    55    15.32 


C«nas... 
Socorro. 


4.34317 
4.19(94 


SAN    ANTONIO,  SOCORRO   COUNTY. 


Windmill,  railroad  tank- 
Old  town  church  spire. . . 


33    M    26.34     106    52    00.97     Campana. 

Canas 

33    55    00.53     106    51    51.77  j  Campana. 

Canas.... 


4.196:3 
4.3SSS 
4.a08?l 
4.33SB6 
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SOCORRO,  SOCORRO   COUNTY. 


Latitude. 

Longitude. 

To  station- 

Log.  dis- 
tance. 

Court-house  tower  .....* 

34    03    20.86 
34    03    37.81 
M    03    59.25 

O              f              0 

106    53    33.80 
106    53    ^.97 
106    54    12.96 

Meters. 
4. 16612 

Pol  vadera  

4.22848 

Old  church,  south  spire 

Canas 

4.16433 

Chupadera 

4.38444 

School  of  Mines 

Canas 

4.18977 

Polvadera 

4. 18700 

WATER  CANYON    (BRANCH   RAILROAD),  SOCORRO   COUNTY. 


Rnllroad  tank. 


34    05    20.01 


107    (M    46.58     Polvadera. 
Sanders... 


4.11136 
4.46591 


OKLAHOMA. 

TRIANGULATION    STATIONS. 

LINCOLN,  LOGAN,  OKLAHOMA,  AND    PAYNE    COUNTIES. 

AORA,  OHAHDLEE,  EDKOND,  OTJTHKIE,  XALLOK,  KERRIOK,  dTTAY,  RIPLEY,  AHD 
SAO'FOX  dlTASRAKOLES. 

During  the  season  of  1905  H.  H.  Hodgeson,  topographer,  extended 
triangulation  from  Wingard  and  Edmond,  stations  in  the  ninety- 
eighth  meridian  arc  of  the  Coast  and  Geodetic  Survey,  eastward  to 
the  Indian  Territory  line. 

Twenty-four  stations  were  occupied  and  18  points  were  located  by 
intersections.  Positions  are  given  on  the  United  States  standard 
datum. 

COX,  NUMBER  9   COUNTY. 

This  station  is  2,400  feet  south  and  500  feet^  east  of  the  closing 
comer  on  the  old  Oklahoma-Indian  Territory  boundary  line.  Said 
closing  corner  is  on  line  between  sees.  1  and  12,  T.  14  N.,  R.  6  E. 

Station  mark:  A  20-inch  post-oak  tree  having  branches  and  top 
cut  off.     Theodolite  elevated  30  feet. 


[Latitude  35°  42'  11.36". 

Li 

Dngitude  796°  37'  06.51".] 

To  station- 

i 

Azimuth.          Back  azimuth. 

Log. 
distance. 

Hargpr                 

o          /            //                    o          /            // 

23    54    09.99         203    51    30.74 

Meters. 
4.2301625 

But'i 

99    38    46.20 
147    07    57.77 

279    32    5.5.86 
327    04    58.54 

4.1fW6S60 

4. 1519573 

AGRA,  LINCOLN    COUNTY. 


On  the  highest  timbered  hill  in  the  SW.  }  sec.  33,  T.  17  N.,  R.  4  E., 
on  land  of  F.  B.  Griswold,  about  1  mile  northwest  of  Agra. 
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Station  mark:  A  10-inch  black-jack  tree,  top  and  branches  cut  off. 
Theodolite  elevated  20  feet. 


[Latitude  35"  &4 '  14.65".    Longitude  96°  53'  14.00".] 


To  station- 


Azimuth. 


Back  azimuth. 


Log. 

distance. 


O             /                // 

o            /              // 

MftCTt, 

Tryon 

61    50    02.76 

241    47    22.02 

3.8Sr22774 

Paradise 

4.508B6J9 

Perkins 

1»4    33    53.81 

314    30    17.42 

4. 1136.523 

Mound 

202    41    48.15 

22    4o    39.42 

4.4064796 

Cushing 

•      232    64    08.27 

52    57    44.69 

t.O63R806 

Air 

'      282    34    10.32 

102    37    40.76 

3.964«75 

Buck 

334    65    53.42 

1 

IM    59    '28.37 

t 

4.33i£S3D 

AGRA    OIL  TOWER,  LINCOLN   COUNTY. 

(Not  occupied.) 
Station  mark:  Center  of  tower. 

[Latitude  35°  53'  47".    Longitude  96«»  S2'  06.7".] 
To  station—  !       Azimuth.  Back  azimuth, 

Air '....°....'.. ...'.' !....'.....'.'. 

CushI  ng ! 

Agra I 


Log. 

difftanee. 


MettTt. 

3.>«9H) 

a  2:i>4i 


AIR,  LINCOLN    COUNTY. 

On  wagon-road  right  of  way  about  800  feet  north  of  comer  to  sees. 
4,  5,  8;  and  9,  T.  16  N.,  R.  5  E.,  on  highest  ground  between  sees.  4 
and  5. 

Station  mark:  An  iron  bench-mark  post  set  3  feet  in  ground  and 
about  3  feet  from  east  fence. 

(Latitude  SS"  5^  09.37".    Longitude  96°  47'  15.09".] 


To  station- 


Agra 

Cushing. 
Indian. .. 
Buck..-. 
Mescchor 


Azimuth. 

Back  azimuth. 

distance. 

o 

/        „ 

o 

/         // 

Meitrt, 

102 

37    4a76 

282 

34    ia32  1 

a96«S875 

181 

34    2a  01 

1 

34    25i79  1 

a95414U 

242 

12    4L95 

62 

17  50.40 : 

418&5361 

359 

18    58.26 

179 

19    0118 

4  2«72» 

317 

48    5a85 

137 

51    5a63 

1 

4.0325ZS 

AVERY,  LINCOLN   COUNTY. 

(Not  occupied.) 
German  Church  spire,  1  mile  east  of  Avery. 

[Latitude  35*»  53'  01.7".    Longitude  96'>  44'  02.2".] 


To  station — 


Azimuth. 


Indian. . 
Cushing. 
Air 


Back  azimuth. 


di8taiM?(>. 


M€t€Tt. 

4.05806 

4.01334 

ac 
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BUCK,  LINCOLN    COUNTY. 

About  1,200  feet  east  and  600  feet  north  of  comer  to  sees.  4,  5,  32, 
and  33,  Tps.  14  and  15  N.,  R.  5  E.,  on  highest  cultivated  ground  in 
quarter  section  belonging  to  H.  M.  Johnson. 

Station  mark:  None. 

Reference  mark:  A  bronze  triangulation  tablet  cemented  in  a  stone 
set  flush  with  ground  at  angle  of  fence.  Theodolite  elevated  10  feet. 
True  azimuth  to  mark  240""  05'  22",  distant  267  feet. 

[Latitude  35P  4^  34.12".    Longitude  96*  47'  06.67".] 


To  station-  - 

AEimuth. 

Back  azimuth. 

Log. 
distance. 

Stuart 

:tff*::::;:;:: 

Mesi-chor 

Cox 

o           /              // 

27    32    59.36 

164    50    28.37 

179    19    03.18 

■      218    11    09.19 

279    32    55.86 

0             /                // 

207    29    Oa  57 
334    55    53.42 
350    18    58.26 
38    14    0a71 
99    38    46.20 
155    34    4L53 

Meters. 
4. 3338131 
4.3382330 
4.2487230 
4.0761618 
4. 1846860 

Hargpr 

.^^^   .11    .11.07 

•4.2981235 

Girdle '--  1 

a  8577614 

1 

CHANDLER   8TANDPIPE,  LINCOLN   COUNTY. 


(Not  occupied.) 
Station  mark:  Center  of  standpipe. 

[Latitude  35°  42'  22".    Longitude  96°  62^  47".] 


To  station— 

Aximutli. 

Back  azimuth. 

Log. 
distance. 

Buck 

JO,. 

o            ,               . 

Meters. 
a  94632 

Girdle 

a  92795 

Uarger.  .     .-  --- ---    - 

4.36352 

' 

GIRDLE,  LINCOLN   COUNTY. 


About  1,000  feet  southeast  of  comer  to  sees.  19,  20,  29,  and  30,  T. 
14  N.,  R.  5  E.,  on  land  belonging  to  H.  C.  Glover. 

Station  mark:  A  16-inch  (girdled)  post-oak  tree  having  top  and 
branches  cut  off.     Theodolite  elevated  20  feet. 


[Latitude  35''  39^  45.98". 

Longitude  96°  48'  09.62".] 

To  station- 

Azimuth. 

Back  aziinutli. 

o           /              // 

214     41     54.36 

^  Log. 
distance. 

Stuart 

o            /               // 

34    45    08.32 

Meters. 
4. 1678708 

Uarger 

318*  22    47.73         138    26    34.70 

4. 1696384 

Buck 

a  8577614 
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HAROER,  UNCOLN  COUNTY. 

About  0.25  mile  southeast  of  corner  to  sees.  29,  30,  31,  and  32,  and 
600  feet  south  of  line  between  sees.  29  and  32,  T.  13  N.,  R.  6  E.,  on 
land  of  John  Harger. 

Station  mark:  A  20-inch  post-oak  tree  having  top  and  branches 
cut  off.     Theodolite  elevated  27.5  feet. 

[Latitude  35°  33'  47.31".    Longitude  96°  41'  39i^".] 


Stuart. 
Girdle.. 
Buck. . . 
Cox 


To  station— 


Azimuth. 

Back  azimuth. 

i 

Log. 
dist4uace. 

0          /            r/ 

86    46    38.39 
138    26    34.70 
15.5    34    41.53 
203    51    30.74 

266    39    38.00  ' 
318    22    47.73  | 
335    31    31.07 
23    54    09.99  j 

MeUTt. 

4.2S09290 
4.1066384 
4-2981S5 
4.2301t2S 

ME8ECHKR,    LINCOLN    COUNTY. 

About  1,500  feet  west  and  250  feet  south  of  comer  to  sees.  5,  6,  31, 
and  32,  T.  15  and  16  N.,  R.  6  E.,  on  highest  ground  in  tjuart^r  section 
owned  by  N.  B.  Mesecher. 

Station  mark:  A  12-inch  black-jack  tree,  the  top  and  branches  of 
which  are  cut  off.     Theodolite  elevated  27  feet. 

Reference  mark:  A  10-inch  black-jack  tree  blazed  and  marked 
*'B  T  A.''     True  azimuth  to  mark  193°  23'  52",  distance  226.2  feet. 

[Latitude  SS**  48'  37.94".    Longitude  96°  42*  13.23".] 


To  station — 


Aebnuth. 


Back  azimuth. 


Log 
distance. 


Air. . . 
Buck. 
Cox... 


o 

/ 

1 

o 

/ 

Meter*. 

137 

51 

50.63 

317 

48    53.85  , 

4-032323; 

38 

14 

00.71 

218 

11    0U.19 

4.0761t4!' 

327 

04 

58.54 

1 

147 

07    57.77  j 

4,  \hl^% 

PHEK,    LINCOLN    COUNTY. 

On  highest  ground  m  the  NW.  \  sec.  23,  T.  17  N.,  R.  2  E.,  on  hav 
land  owned  by  Daniel  McPhee.  North  line  of  Lincoln  County  i^ 
about  800  feet  north  of  station. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  stone  set 
flush  with  ground. 

[Latitude  35°  56'  22.73".     Longitude  97°  03'  40.23".] 


Azimuth. 


Back  azimuth.        ^^^^ 


Reeco  .     .                       

74    27    42.29 

254    23    54. 12  1 

Trvon 

1 

Perkins 

231    25    67.32  1 

51     28    28.50  , 

1 

Meiert. 

4.005ie« 

4.0firww^ 

3-9ieB13b 
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8AC-FOX   AGENCY   WATER  TANK,    LINCOLN   COUNTY. 

(Not  occupied.) 
Station  mark.     Center  of  tank. 

[Latitude  35°  40^  21.4".    Longitude  96*»  39^  26.1".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Cox 

o           /             // 

0             /                f/ 

Meters. 

3.68838 

Buck 

4.11448 

Ilarger 

1 

4.10046 

1 

STUART,    LINCOLN   COUNTY. 

In  the  SE.  }  sec.  32,  T.  13  N.,  R.  4  E.,  on  land  of  C.  A.  Stuart, 
about  25  feet  southeast  of  house,  which  is  on  highest  land  in  said 
quarter.  Observation  for  azimuth  was  made  at  this  station  Novem- 
ber 7,  1905. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  stone  set 
flush  with  ground. 


(Latitude  35o  33'  13.45".    Longitude  96°  53'  42.74".] 


To  station- 


Azimuth. 


Buck... 

Oirdie.. 
Ilai^r. 


207  29  08.67 
214  41  54.36 
266  39  38.00 


Back  azimuth. 


Log. 
distance. 


Meters. 
27    32    59.36  4.33.38131 

34    45    08.32  4.1678708 

86    46    38.39  !  4.2609290 


TRYON,    LINCOLN    COUNTY. 


Station  mark:  The  center  of  steeple  on  Christian  Church  in  Tryon. 
TheodoUte  elevated  35  feet. 


(Latitude  35°  52^  15.05".    Longitude  96°  57'  48.22".] 


To  statlon- 


Reece. .. 
Fhee.... 

Perkins. 
Agra 


Azimuth. 


Back  azimuth. 


104    53    00.28  '      284    45    45.93 


160    30    45.10 
241     47  JJ2.02 


349  29  49.70 
61  50  02.76 


Log. 
distance. 


Meters. 
4.2837655 
4.0670672 
4.1137360 
3.8922774 


FUNN,   LOGAN    COUNTY. 


In  the  NW.  J  sec.  24,  T.  15  N.,  R.  2  W.  (Indian  meridian),  on 
property  of  T.  O.  Flinn,  about  800  feet  northeast  of  his  house  and 
on  highest  ground.     This  farm  is  known  as  the  old  Holbrook  place. 

Station  mark:  An  iron  bench-mark  post,  the  cap  of  which  extends 
4  inches  above  ground. 
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Reference  mark:  A  IQ-inch  blazed  post-oak  tree  marked  "B  T  A/* 
True  azimuth  from  station,  351*^  36'  13",  distant  100  feet. 


[Latitude  35°  46'  00.01". 

L 

ongltude  97°  22'  02.3b".] 

To  station— 

Azimuth. 

1 
Back  azimuth.  < 

Log. 
dlfitance. 

Edniond 

0            /              // 

36    41    12.41 
151     12    06.18 
194    59    05i  93 

o           ,              .          1 

216    37    45w79 

331    07    49.73  1 

15    00    12.66 

M€i€rt, 

4.i732eca 

Wincard 

4.3573072 

Wallaoe 

4.0441422 

Short 

196    28    53.21 

16    30    21.73 

4.136156: 

1                                1 

GUTHRIE   STANDPIPE,  LOGAN   COUNTY. 

(Not  occupied.) 

This  standpipe  was  also  located  by  the  Coast  Survey  in  1902. 
Station  mark:  Center  of  standpipe. 


[I^titudo  35°  52'  38.15".    Longitude  97°  24'  40.20".) 
To  station—  Azimuth. 


Back  azimuth. 


Wmgard. 
FUnn.... 
Wallace.. 


137    36    32 


317    33    48  I 


LANG8TON,  LOGAN    COUNTY. 

(Not  occupied.) 
Station  mark:  Center  of  main  college  building. 

(Latitude  35°  56'  40 J".     Longitude  97°  15'  34.6".] 


Log. 

dUt&Doe. 


JteUrs. 

4.O1730 
4.1103.' 
3.84S2 


To  station- 

Azimuth. 

1 
Back  azimuth. 

Log. 
distanofr. 

Short 

c            ,               . 

Meurt. 

3.^503 

Reoco 

3.943M 

Wallaw 

4.05906 

REECE,   LOGAN    COUNTY. 

In  the  SW.  i  SW.  }  sec.  26,  T.  17  N.,  R.  1  E.,  on  cultivated  land 
belonging  to  II.  R.  Reece  and  on  highest  groiind  northeast  of  Recce's 
house. 

Station  mark:  None. 

Reference  marks:  A  bronze  triangulation  tablet  set  in  sandstone 
rock  at  southeast  comer  of  II.  R.  Recce's  house.  True  azimuth  to 
mark,  41°  52'  30'',  distance  328  feet. 
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Short 

Paradise. 
Perkins.. 

Phee 

Tryon 

Strong... 
Cordis... 


[latitude  05°  54'  54.(i(/'.     lx>ngitutlo  ttT*  W  09.09".] 


To  station 


AKlmutli. 


Back  azimuth.       ^^^^^^ 


75 

;« 

20.20 

255 

24 

50.66 

im 

54 

12.39 

341 

52 

39.55 

244 

04 

10.20 

64 

10 

29.72 

254 

Zi 

54.12 

74 

27 

42.29 

284 

45 

45.93 

104 

53 

00.28 

Meters. 
4. 1631739 
4.1052271 
4.2554371 
4.0051680 
4.2837655 
3.7728468 
4. 1612354 


SHORT,  LOG.\.\    COUNTY. 

In  the  NE.  i  sec.  5,  T.  16  N.,  R.  1  W.,  on  cultivated  land  of  J.  J. 
Mulhall,  about  800  feet  southeast  of  quarter  corner  on  north  side  of 
said  section  and  about  300  feet  east  and  50  feet  north  of  angle  of 
public  road. 

Station  mark:  A  bronze  triangulation  tablet  set  in  a  sandstone 
rock  and  buried  1.5  feet  in  ground. 

Reference  marks:  Iron  bench-mark  post  set  3  feet  in  ground  in 
fence  comer  146.5  feet  north  of  station. 

[Latitude  35°  .Vi'  55.99".     Longitu<ic  97°  W  ,il.lO".] 


To  station 

Azimutli. 

o          r            // 

16    30    21.73 

Baclc  azimuth. 

Flinn 

O             /                // 

196    28    53.21 

Wallace 

Wingard 

115    49    39.44 
196    36    03.16 
212    40    14.60 
249    05    20.03 
255    24    5a6« 
257    53    07.90 

295    43    53. 93 

Cordis 

16    37    43.31 

Paradise 

32    44    11. 76 

Perkins. 

70    17    09  22 

Uwce 

75    30    20. 20 

Strong -  -  - 

77    50    25.67 

Log. 
distance. 


Meters. 
4.1261667 
3.366u029 
4.2148i49 
4. 1747174 
4.272o8u7 
4.51u63«9 
4.  16^1739 
3. 937io98 


STRONG,   LOGAN    COUNTY. 

About  800  feet  west  of  comer  to  sees.  5,  6,  31,  and  32,  Tps.  16 
and  17  N.,  R.  1  E.  It  is  in  wagon-road  right  of  way  about  2.5  feet 
north  of  south  fence,  on  highest  ground  along  line  between  sees.  6 
and  31. 

Station  mark :  A  bronze  triangulation  tablet  cemented  in  stone  set 
flush  with  ground. 

Reference  mark:  A  spike  in  a  10-inch  black-jack  tree.  True  azi- 
muth, 270*^  50'  40",  distant  48.3  feet. 

[Latitude  35°  53'  .S4.78".     Ix)ngitude    7°  13'  .S3.74".] 


To  station- 


Azimutii. 


Baclc  azimutli. 


Sliort 77    54i    25.6/  I      257    53^07.90 

Paradise 186    48    44.56  1  6    49    23. 66 

Reece I 


Log. 
distance. 


Meters. 
3. 9371098 
4.14/7844 
3.77284(« 


Bull.  310-07 15 
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WALLACE,  LOGAN  COUNTY. 

About  1,600  feet  south  of  comer  to  sees.  7,  8,  17,  and  18,  T.  16  N., 
R.  1  W. ;  it  is  in  the  right  of  way  and  about  7  feet  west  of  north-south 
fence  on  east  side  of  right  of  way.  The  farm  of  J.  N.  Wallace  is  the 
quarter  section  to  the  west  of  this  station. 

Station  mark:  An  iron  bench-mark  i>ost  set  3 J  feet  in  the  ground. 
Theodolite  elevated  30  feet. 

(Latitude  35°  51'  46.96".     Longitude  97°  W  08.24".] 


To  station— 


FUnn.... 
Wlngard. 
Short.... 


Azimuth. 


15    00    12.09 
123    50    02.73  , 


Back  azimuth. 


Lo^- 
distancr. 


°       '        "  Mttert. 

194  59  05.93  4.0441422 
303  44  39.08  4.2214602 
3.;fieOQ9 


WINGARD,  LOGAN   COUNTY. 

A  Coast  Survey  station,  established  in  1902;  belongs  to  the  ninety- 
eighth  meridian  net.  In  the  SW.  \  sec.  14,  T.  17  N.,  R.  3  W.,  on  land  of 
J.  B.  Wingard,  about  5  miles  north  and  3.75  miles  west  of  Guthrie. 
Station  located  on  highest  part  of  ground,  which  is  gently  sloping. 

Station  mark:  A  12-inch  terra-cotta  pipe  set  in  cement  and  filled 
with  cement,  with  a  60-penny  wire  nail  to  mark  center;  instrument 
elevated  40  feet. 

Reference  marks:  Is  in  southwest  quarter,  very  near  center  of  sec- 
tion, 0.94  meter  south  of  east-west  fence  and  0.50  meter  west  of  north- 
south  fence,  true  azimuth  194°  22'  03^^,  distant  329.096  meters:  to 
corner  stone  of  quarter  comer  between  sees.  14  and  23,  true  azimuth 
2°  04'  56'',  distant  490.9  meters. 

(Latitude  35°  56'  47.428*.    Longitude  97°  29*  2D.l29».l 


To  station— 

Azimuth. 

Back  azimuth.  | 

distanor. 

Cordis 

o         /           //     ■* 

249    Vi    28.56 
295    43    53.03 
303    44    39.06 
331    07    49.73 
356    13    07.79 

o           /              „          \ 

69    20    54.83 
115    49    39.44  1 
123    50    02.73  ' 
151     12    06.18 
176    13    56,83 

Meters. 

4.3QH4791 

Short 

4.3141^48 

Wallace 

4  ^2\¥^ 

Flinn 

Edmond 

4.S04SSI3 

EDMOND,  OKLAHOMA   COUNTY. 

A  Coast  Survey  station,  established  in  1902;  belongs  to  the  ninety- 
eighth  meridian  net;  near  the  center  of  sec.  25,  T.  14  N.,  R.  3  W.,  on 
land  of  Pete  Wilderson,  at  northeast  outskirts  of  village  of  Edmond. 
The  station  is  at  east  edge  of  cultivated  field  about  100  met-ers  north- 
northeast  of  highest  ground  and  119.60  meters  south  of  east- west 
fence  running  to  section  comer. 
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Station  mark:  A  12-inch  terra-cotta  pipe  set  and  filled  with 
cement,  with  a  60-penny  nail  projecting  one-fourth  inch  from  top. 
Theodolite  elevated  30  feet. 

Reference  marks:  In  north-south  fence,  true  azimuth  263°  IT  39'^, 
distant  79.402  meters;  to  center  of  dome  of  Normal  College,  true  azi- 
muth 70°  54'  33.9",  distant  650  meters;  to  cross  on  spire  of  Catholic 
Church,  true  azimuth  63°  29'  31.6''. 

[Latitude  35°  3^  32.111".    Longitude  97°  27'  56.292".] 


To  station- 


Wingard. 
Fllnn 


Arimuth.  Backarimuth.       distolbe. 


176    13    56.83 
216    37    45.79 


356    13    07.79 
36    41    12.41 


Meters. 
4.5048513 
4.1732601 


CORDIS,  PAYNE   COUNTY. 

On  land  of  E.  D.  Cordis,  about  6.5  miles  northwest  of  Coyle,  in  the 
NW.  i  sec.  36,  T.  18  N.,  R.  1  W.;  is  60  feet  northwest  of  highest 
ground. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  a  sand- 
stone rock  set  IJ  feet  in  ground. 

Reference  mark:  An  iron  bench-mark  post  set  3  feet  in  ground, 
true  azimuth  to  mark  169°  29'  33'',  distant  53.3  feet.  TheodoUte 
elevated  20  feet. 

(Latitude  36°  OO'  40.91".    Longitude  97°  le'  40.50".] 


To  station- 

Azimuth. 

Back  aElmuth, 

Log. 
distance. 

Short 

O             /               ft 

16    37    43.31 
69    20    54.83 
256    09    58.82 

o           /              // 

196    36    03.16 

249    13    2&56 

76    12    16.03 

Meters. 
4. 1747474 

Wingard 

4.3084791 

Parad  Ise 

3.7793720 

Heeoe 

4.1612364 

CU8HINO,  PAYNE  COUNTY. 

About  1  mile  southwest  of  Cushing  and  1 ,000  feet  south  of  comer 
to  sees.  4,  5,  8,  and  9,  T.  17  N.,  R.  5  E.;  the  station  is  on  wagon-road 
right  of  way  about  3  feet  from  west  fence. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  stone  set 
flush  with  the  ground. 

[Latitude  35°  58'  01.21".    Longitude  96°  47'  05.24".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Air 

O             t               tf 

1    34    25.79 
62    57    44.69 
96    34    07.57 
182    07    52.34 
195    40    32.05 
277    54    06.35 

Off/ 

181    34    20.01 
232    54    08.27 
276    26    54.38 
2    08    06.82 
15    43    03.20 
97    50     18.32 

Meters. 
3.9541412 

Agra 

4.0638806 

Pcrldns 

4. 2693782 

Mnnnd    . . 

4. 2186733 

Qiwy ,,,.... 

4. 3755r.82 

Indian .    , . 

4.1284832 

Digitized  by  VjOOQIC 


214       PRIMARY    TRIANGULATION    AND    PRIMARY    TBAVER8K. 

CU8H1NG    OIL  TOWER,  PAYNE   COUNTY. 

(Not  occupied.) 
Station  mark :  Center  of.  tower. 

(Latitude  ^S"  58'  47.3".     Longitude  96°  4&  52.0".] 


'  Azimuth  Rfli^lr  jacitnnth  _,.  "*^- 

distance- 


To  station—  '        Azimuth.  Back  azimuth. 


Air 4.01S9 

Indian '  4. 13BT3 

Cushing ! a.l6S53 

CU8HING.    CHRISTIAN   CHURCH   8P1RE,    PAYNE   COUNTY. 

(Not  occupied.) 
Station  mark:  Center  of  spire. 

[Latitude  35°  58^  52.2".    Longitude  96°  46'  H.l".] 

To  station—                                   i        Azimuth.           Back  azimuth.  dirtance 

^       '         "  Meter*. 

Air 4.038» 

Indian 4-09471 

Cushing 3-31735 

_  _  .    !     . 

INDIAN,    PAYNE   COUNTY. 

On  a  bare  knoll  about  800  feet  west  and  200  feet  north  of  center  of 

sec.  14,  T.  17  N.,  R.  6  E.,  about  600  feet  northwest  of  the  house  of 
J.  M.  Branstetter,  on  land  belonging  to  an  Indian. 

Station  mark:  An  iron  bench-mark  post  set  3  feet  in  the  ground. 

(Latitude  35°  57'  00.92".    Longitude  96°  38'  13.95".] 

To  station—                                          Azimuth.          Back  azimuth.  diitSnce 

i        °       '        "      I        °       '        "  Meter*. 

Air 62    17    59.40  '      242    12    41.95!  4.  iaS5»1 

rushing 97    59    18.32  |      277    54    06.35  4.  la^*^ 

1  I  , 

MOUND,    PAYNE   COUNTY. 

Near  the  center  of  northernmost  of  two  bare  mounds  known  as 
Twin  Mounds,  in  the  SW.  i  sec.  16,  T.  19  N.,  R.  5  E. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  stone  set 
flush  with  ground. 

[Latitude  36°  06'  57.65".    Longitude  96°  46'  40.64".] 

Testation-                                           Azimuth.        j  Back  azimuth.  (jii2n»- 

°       '        "      ,        °       '        "  Meter*. 

CushinK 2    08    06.82        182    07    52.34  4.218SrS 

Agra '    22    45    39.42  1      202    41    48.15,  4.  «»47% 

P?rkin8 52    57    34.49  1      232    50    06,05  4.3786537 

Quay 222    30    48.31  !        42    33    05.21;  3,8"     "^ 
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PARADISE,  PAYNE  COUNTY. 

In  the  southeast  comer  of  the  NE.  }  sec.  20,  T.  18  N.,  R.  1  E. 
(Indian  meridian),  about  800  feet  north  of  south  line  and  600  feet 
west  of  east  Hne  of  quarter  section,  and  on  highest  point. 

Station  mark :  A  bronze  triangulation  tablet  cemented  in  stone  set 
flush  with  ground. 

Reference  mark:  Spike  in  8-inch  blazed  black-jack  tree  which  bears 
northwest,  distant  89.5  feet. 

[latitude  36°  01'  27.63".    Longityde  97"  12^  47.16".] 
To  station— 


AKimuth. 


BacIE azimuth.  ,     ^,^25^^. 


Strong.. 
Short... 
Cordis.. 
Perkins. 
Agra.... 


32 

76 

281 


49  23.66 
44  11.76 
12  16.03 

50  56.00 


186 
212 
256 
101 


48  44.56 

40  14.60 

09  58.82 

58  48.95 


Meters. 
4. 1477843 
4.2726807 
3.7793720 
4.3137085 
4.5089629 


PERKINS,    PAYNE    COUNTY. 


This  station  is  the  top  of  chimney  of  Union  schoolhouse  in  district 
No.  55,  4  miles  northeast  of  Perkins,  in  the  southeast  comer  of  the 
SW.  J  sec.  33,  T.  18  N.,  R.  3  E. 

Station  mark:  Center  of  chimney.     Theodolite  elevated  30  feet. 


[Latitude  35°  59^  09.59".    Longitude  96°  59^  22.64".] 
To  station—  Azimuth. 


Phee 

Reecc 

Short 

Paradise. 
Mound . . . 
Gushing.. 

Agra 

Tryon 


Backarimuth.  |     dlsuSbe. 


51 
64 
70 
101 
232 
276 
314 
349 


28.59 
29.72 
09.22 
48.95 
06.05 
54.38 
17.42 
49.70 


o 

/ 

„ 

Meters. 

231 

25 

57.32 

3.9166136 

244, 

04 

10.20 

4.256^''l 

249 

05 

20.03 

4.5106389 

281 

50 

56.00 

4.313''085 

52 

57 

34.49 

4.3'86537 

96 

34 

07.57 

4.2693782 

134 

33 

53.81 

4. 1126523 

169 

30 

45.10 

4.11373(19 

PERKINS,    TALLEST   CHURCH    SPIRE.    PAYNE    COUNTY. 

(Not  occupied.; 
Station  mark:  Center  of  spire. 

[ Latitude  35°  58'  33.1".    longitude  97°  02^  04.4".] 


To  station- 


Pbec 

O              /                 //                            O              t                 ff 

Perkins 

Re«oe 

Azimuth.  Backarimuth.        ^isUnce. 


Meters. 
3  6-032 
3  62399 
4.14268 
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QUAY,    PAWNEE   COUNTY. 

On  bare  point  of  ridge  about  0.75  mile  north  of  Quay,  in  the  XE.  J 
sec.  36,  T.  20  N.,  R.  5  E.,  about  200  feet  west  of  north-south  public 
road. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  large 
Hmestone  rock  set  flush  with  ground. 


[Latitude  36°  W  22.87". 

Longitude  96°  42'  4f 

J.52".] 
Back  azimutli. 

To  station— 

• 

Azimuth. 

distaner. 

Cuahing 

o            /              // 

15    43    03.20 
42    33    05.21 

°      '        "      1 
195    40    32.05 
222    30    48.31  j 

Meiers, 

4.3735B8S 

Mound 

a.933S8r 

PRIMARY   TRAVERSE. 


LOGAN   COUNTY. 


GUTHRIE  QirABEAjrOLE. 


The  following  are  results  of  a  primary-traverse  line  between  Win- 
gard  triangulation  station  (a  station  of  the  Coast  Survey,  1903)  and 
the  Guthrie  standpipe  (an  intersected  point  of  the  Coast  Survey, 
1903),  run  by  H.  H.  Hodgeson,  topographer,  in  1905.  Positions  are 
based  on  the  United  States  standard  datum. 

Geographic  positions  in  Guihric  quadrangle. 


SUtion. 


Latitude.      '     Lon^tudf. 


Wlngard  triangulation  sUtion,  T.  17  N.,  R.  3  W.,  in  SW.  \  sec.  14,  on 
property  of  J .  B.  Wingard,  about  5  miles  north  and  3.75  miles  west 
of  Guthrie 

T.  17N.,  R.  3  W.,  corner  sees.  13,  14,  23,  and  24 

T.  17  N.,  Rs.  2  and  3  W.,  corner  sees.  13, 18,  19,  and  24 

T.  17  N.,  Rs.  2  and  3  W.,  comer  sees.  19,  24,  25,  and  30 

T.  17  N.,  R.  2  W.,  on  line  between  sees.  19  and  30,  south  of  road,  2  feet 
west  of  Mort  Carey's  mail  box,  iron  post  stamped  *'  Prim.  Trav.  Sta. 
No.  17" 

T.  17  N.,  R.  2  W.,  comer  sees.  19, 20,  29,  and  30 

T.  17  N.,  R.  2  W., corner  sees.  20,  21,  28,  and  29 

Center  of  track  between  two  spurs  of  Santa  Fe  bridge  over  Cimmarron 
River 

Guthrie  astronomic  pier,  located  in  "Government  acre,"  51.4  feet 
south  of  building  line  on  Oklahoma  avenue  and  116.5  feet  east  of 
building  line  on  Second  street:  geographic  position  of  pier  by  astro- 
nomic obssprvations  by  S.  S.  Gannett,  1892 , 

By  this  traverse  (United  States  standard) 

Guthrie  standpipe 


35  56  47.428 

35  56  31.60    ! 

35  56  31.40 

35  55  39.30    i 


35  55  38.90 
35  55  39.20 
35    55    38.80 


97  29  3a» 

97  28  44^a 

97  27  4a« 

97  27  4avi 


97  27  0D-» 
97  36  35.H 
97     25    31,  W 


35    54    58.50    i       97     25    4X30 


35  52  42.22 
35  52  39.74 
35    52    38.10 


97  25  aXM 
97  25  ».K 
97     24    4a  2' 


Digitized  by  VjOOQIC 


WESTERN  DIVISION. 


217 


TEXAS-LiOUISIANA. 


PRIMARY   TRAVERSE. 


BOWIE,     CASS,     FANNIN,     GREGG,     HARRISON,     LAMAR,     MARION,     RED 
RIVER,   TITUS,   AND  UPSHUR  COUNTIES,   TEX.;   CADDO  PARISH,   LA. 

0LABX8VILLE,  6ILMXR,  JEFFEBSOV,   KOtTHT  PLEASANT,   MOtTHT  VEEKOV,   PABIS,    SHAW- 
NSETOWK,  AND  TEZAEKAHA. 

An  area  of  about  5,000  square  miles  in  the  northeastern  part  of 
Texas  was  controlled  during  the  winter  and  spring  of  1904-5  by 
Sledge  Tatum,  topographer,  who  ran  a  primary-traverse  line  597 
miles  in  length.  The  line  started  from  a  point  at  Texarkana  pre- 
viously located  by  primary  traverse  and  was  run  approximately  along 
parallels  and  meridians  bordering  30-minute  quadrangles,  and  was  tied 
to  triangulation  station  Goodland,  Choctaw  Nation,  Indian  Territory. 
Positions  are  given  on  the  Un'ted  States  standard  datum. 


CLARKSVILLE   QUADRANGLE   (rED   RIVER  AND  LAUREL  COUNTIES,  TEX.). 

Geographic  positions  along  Texas  and  Pacific  Railway  between  Clarksville  and  Paris. 


sution. 


Latitude. 


Longitude. 


Clarksvlile,  street  crossing  at  west  end  of  station , 

Milepost  63 « 

Miiepost  64, 50  feet  north  of  center  of  traclc,  iron  post  stamped  "Prim. 

Trav.  Sta.  No.  11" 

Water  tank 

Milepost  67 

Bagwell,  50  feet  from  center  of  track,  street  crossing  at  west  end  of 

station,  south  of  track,  east  edge  of  road,  iron  post  stamped  "Prim. 

Trav.  Sta.  No.  27  " 

Road  crossing , 

Miiepost  70 

Road  crossing,  50  feet  north  of  center  of  track,  east  edge  of  road,  iron 

post  stamped  *'  Prim.  Trav.  Sta.  No.  —  " , 

Scnoolhouse,  road  crossing  at 

Milepost  73 

Detroit  station,  at  road  crossing,  east  end  of ,1  ron  post  stamped  "  Prim. 

Trav.  Sta.  No.  50" 

MUepost75 

Milepost  76,  50  feet  south  of  track,  iron  post  stamped  "Prim.  Trav. 

Sta.  No.  57" 

Milepost  77 

Road  crossing,  50  feet  north  of  center  of  track,  west  of  road,  iron  post 

stamped  "  Prim.  Trav.  Sta.  No.  65  " 

Road  crossing 

Road  crossing 

Blossom  station,  iron  post  300  feet  east  of,  stamped  "  Prim.  Trav.  Sta. 

No.  72" 

Milepost  82,  road  crossing 

Milepost  83 

Road  crossing 

Miiepost  85 

Reno  flag  station,  road  crossing,  50  feet  from  center  of  track,  north 

edge  of  right  of  way.  east  edge  of  road,  iron  post  stamped  "Prim. 

Trav.  Sta.  No.  90  " 

Road  crossing 

Road  crossing 

Road  crossing 

Water  tank,  road  crossing 

Milepost  90 

IHiris,  Texas  and  Pacific  Rwy .  station 

Paris,  crossing  of  Texas  and  Pacific  Rwy.  and  St.  Louis  and  San  Fran- 
cisco R.  R 


33    37    00.9 
33    37    64.3 


33 
33 


33 


38    23.8 

38  58.9 

39  28.3 


33  39  45.6 

33  39  49.4 

33  39  48.1 

33  39  46.6 

33  39  48.4 

33  39  50.0 

33  39  44.0 

33  39  38.9 

33  39  36.1 

33  39  34.6 

33  39  31.4 

33  39  33.0 

33  39  37.0 

33  39  39.0 


39  36.8 

33    39  34.7 

33    39  33.0 

33    30  30.6 


33    39    30.1 


33 
33 
33 


39  26.5 
10.9 
56.6 
38  49.2 
33  38  56.9 
33    39    01.7 

33    38    55.8 


95  03  08.4 

95  04  58.3 

9.5  05  50.8 

95  06  66.4 

95  08  36.9 


95  09  40.9 

95  11  04.6 

95  11  42.1 

95  12  40.4 

95  14  09.6 

95  14  47.2 

96  15  67.2 
95  16  53.0 


95 
96 


95  20 

95  21 

95  22 

96  23 
96  24 
96  26 
95  26 
95  27 


66.2 
67.1 

43.1 
43.2 
32.5 

00.6 
10.0 
12.2 
03.4 
14.8 


95  27  45.6 

95  28  38.7 

95  29  27.6 

95  30  12.4 

95  30  68.2 

95  32  17.7 

95  33  24.4 

95  34  07.3 
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Geographic  positions  along  highvoays. 
station.  I      Latitude.  Lon|!:ltude. 


ClarksvUle  station,  street  crossing  at  west  end  of 33  37  00.9  j  95  03  os.4 

Station  15,  Iron  post  stamped  "Prim.  Trav.  Sta.  No.  15" 33  34  34.7  i  95  «2  4S.5 

Stanley  post-office 33  33  22.0  I  &5  02  54,9 

MaUbox26 33  32  38.5  9S  03  ii9l5 

Iron  post  at  east  side  of  road  stamped  "Prim.  Trav.  Sta.  No.  29" 33  32  07.2  9t5  03  H  .t 

Albert  Bullock's  mall  box 33  31  27.2  95  03  12.2 


GILMER   QU.\DRANGLE  (CAMP,   CASS,  MARION,   HARRISON,   GREGG.  AND    I  PSHLR 

COUNTIES,  TEX.). 

Geographic  positions  along   Missouri,   Kansas  and  Texas  Railway  between  DangerfiM 

and  Lasater. 


Station. 


Hughes,  also  called  Hughes  Spring,  Cass  County.  Coast  and  Oeodetic 
Survey  bench  mark,  the  west  face  of  a  brick  building  owned  by  T.  B. 
Keaster,  In  new  part  of  building,  in  double  column  where  the  old  and  i 
new  parts  join,  1 1  paces  from  the  northwest  comer  of  the  building,  in 
the  twenty-first  tier  of  brick  above  the  concrete  sidewalk,  copper  ' 
bolt. 


Dangerfield,  tablet  In  court-house*. 

Road  crossing 

Road  crossing 

Mllepost812. 


South  edge  of  right  of  way,  east  edge  of  road,  in  angle  of  fence.  Iron 
post  stamped   *  Prim.  Trav.  Sta.  No.  210". 


Road  crossing  at  Pattengill  flag  station. 

Mllepost  218 

Milepost 

Road  crossing 

Avinger,  southeast  edge  of  station.  Iron  post  stamped  "Prim.  Trav. 
Sta." 

Avinger,  Cass  County,  Coast  and  Geodetic  Survey  bench  mark,  26 
paces  north  of  old  track,  19  paces  west  of  old  station,  2  telegraph  I 
poles  east  of  mllepost  817,  12  paces  north  of  public  road  paralleling 
railroad,  limestone  post I 

Marlon-Cass  county-hne  post I 

At  private  road  crossing,  north  edge  of  right  of  way,  east  edge  of  road,  [ 
iron  post  stamped  "Prim.  Trav.  Sta.  No.  244"..* 

Mllepost  821 

Orrs  flag  station,  road  crossing 

Road  crossing 

Lasater,  Marion  County.  Coast  and  Geodetic  Survey  bench  mark,  9 
paces  north  of  old  abandoned  grade,  35  paces  north  of  new  track.  10 
feet  east  of  second  telegraph  pole  (old  line),  west  of  platform  used  as 
station,  44  paces  west  of  railroad-crossing  sign  at  road  crossing,  lime- 
stone post ' 


Latitude. 


;J2  59  51.4 

33  01  53.3 

32  50  43.5 

32  50  37.4 

32  57  55.3 

32  57  13.2  ' 

32  56  17.7  j 

32  55  39.5  1 

32  54  52-4 

32  54  14.8 

32  54  01.9 


32  53  30.2 

.32  52  46.2 

32  52  09.9 

32  51  15.4 

32  W  32.9 

32  50  16.7 


LonpliMk*. 


94  :J7  52    6 

&4  43  1!^.  ,0 

m  :»  42.40 

94  36  24.  10 

W  35  16u  ar 


W  34  31.  TO 

»4  34  12  7ii 

94  34  on.  10 

94  33  3r>.:d 

94  Xi  Zl.TXi 


94     33     25.30 


94  32  4<L4ti 

94  32  Ifi.  70 

94  31  43. 50 

94  31  45. 90 

94  31  29.50 

94  30  3Xm 


32    50    05.0  '      *M     30     12. -» 


Geographic  positions  along  Texas  and  Pacific  Raihvay,  milepost  75  to  Big  Sandy. 


station. 


I      Latitude. 


Milepost  76,  1,9.50  feet  west  of.  road  crossing 32  30  33.6 

Milepost  77,  road  crossing  2.000  feet  west  of I  32  30  27.9 

Hallsville,  1,000  feet  east  of  station,  street  crossing,  east  of  road,  24  feet  ' 

south  of  railroad,  iron  post  stamped  "  Prim.  Trav.  Sta.  No.  137"....'  32  30  14.9 
Lansing  flag  station,  36  feet  north  of  track  at  west  edge  of  road,  Iron  I 

post  stjirnpi'd '•Prim.  Trav.  Sta.  No.  149" !  32  .30  27.0 

Road  crossing  1,000  feet  west  of  mllepost  85 [  .32  30  14.1 

Milepost  87,  750  feet  west  of.  private-road  crossing '. .32  .30  07.5 

Longvit'w  .1  unction.  30  feet  west  of  station,  street  crossing .32  29  38. * 

Cattle  guard  west  of  section  house,  west  side  of  guard,  21  feet  west  of 

track,  Iron  post  stamped  "Prim.  Trav.  Sta." .32  29  45.2 

Willow  Springs  flag  station,  road  crossing 32  30  11.5 

Koad  crossing  at  sawmill.  Cflstlol)erg's  spur 32  30  11.6 

Ciiinps  Mu^  station,  road  crossing,  40  feet  north  of  track  ft  west  side 

of  road,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  201" 32  30  15.3 


Longitudf. 


•  94  3D  \^.% 
94  31  2y.  : 

94  U  IIS 

94  37  .-53.4 

94  39  17.0 

94  41  12  2 

94  43  45.7 

•  94  44  42  !< 
94  47  43  2 
94  49  05  3 

94  51  19,9 
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Geographic  positions  along  Texas  and  Pacific  Railway,  milepost  IS  to  Big  Sandy — Ccmt'd. 


Station. 


Latitude. 


Longitude. 


Milepost99 1  32  30  41.4  94  53  17.2 

Koiid  crossing  at  sawmill  and  spur I  32  31  12.8  94  54  38.8 

OladcwnUT,  street  crossing.  GO  loetonst  of  station I  32  32  04.8  94  50  41.4 

Milepost  103. 140  feet  west  of,  26  feet  south  of  track,  iron  post  stamped  1  ' 

•Prim.  Trav.  Sta.  No.  221" 32  32  14.8  94  56  58.7 

Wilkin  flag  station,  cattle  guard  100  feet  west  of  road  crossing  at. 

40feetnorthof  track,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  233".  32  33  29.2  95  00  43.2 

Milepost  110,  500  feet  east  of,  road  crossing 32  34  20.8  95  03  33.2 

Big  Sandv,  crossing  of  Texas  and  Pacific  Rwy.  ami  Cotton  Belt  Route.  32  34  53.3  95  06  32.4 


Geographic  positions  along  St.  Louis  Southwestern  Railway.  Big  Sandy  to  Pittsburg. 


Station. 


Uoad  crossing,  32  feet  east  of  track,  in  angle  of  fence  at  north  side  of 

wagon  road,  iron  post  stamped  "Prim.  Trav.  Sta.  255" 

Pinnacle  flag  station,  road  crossing  at  siding 

Milepost  519 

Road  crossing,  32  feet  east  of  tnuk,  south  edge  of  road,  iron  post 

stamped  "Prim.  Trav.  Sta.  No.  295" 

Pritchett  flag  station.  5.'%)  feet  northeast  of  mail  crane,  road  crossing.. 

Runaway  flag  station,  road  crossing 

Road  crossing 

nUmer,  1  mile  south  of.  milej^ost  511,  road  cro.ssing.  36  feet  west  oif 

track,  .sotith  edge  of  road,  iron  post  stamped  "Prim.  Trav.  Sta. 

No.  341" 

Gilmer,  street  crossing  at  north  end  of  station 

Road  crossing  at  switch  stand 

Del  rose  flag  station,  road  crossing  north  of.  30  f»«et  west  of  track,  at 

edjfe  of  road.  Iron  post  stamped  "Prim.  Trav.  Sta" 

Bettie,  100  feet  north  of  station,  road  crossing 

Smith  flag  station,  600  feet  south  of,  38  feet  west  of  track,  at  cattle 

guard,  iron  post  stamped  **Prim.  Trav.  Sta." 

Road  crossing 

Road  crossing  at  church 

Road  crossing,  40  feet  west  of  track  and  north  of  road,  iron  post 

stamped  "Prim.  Trav.  Sta." 

Road  crossing  north  of  wa ter  tank 

Pittsburg,  crossing  of  Missouri,  Kansas  and  Texas  and  St.  Louis 

Southwestern  Rwys 


Latitude. 

Longitude. 

o 

, 

,, 

e 

, 

„' 

32 
32 
.32 

35 
37 

.38 

03.0 
.32.9 
32.2 

95 
96 
96 

06 
03 
02 

15.1 
48.8 
23.7 

32 
32 
32 
32 

38 
39 
40 
42 

49.3 
45.4 
56.2 
27.7 

95 
95 
94 
94 

02 
01 
50 
57 

06.3 
02.9 
09.9 
22.8 

32 
32 
32 

43 
43 
47 

05.3 
49.7 
04.8 

94 
94 
94 

56 
57 

47.5 
63.0 
21.0 

32 
32 

47 
48 

22.5 
29.4 

94 
94 

57 
57 

28.0 
36.2 

32 
32 
32 

50 
51 
53 

36.3 
47.6 
22.9 

94 
94 
94 

58 
58 
58 

13.7 
10.0 
01.9 

32 
32 

65 
57 

26.2 
27.3 

94 
94 

58 
57 

16.9 
55.7 

32 

50 

47.7 

94 

58 

08.8 

JEFFERSON    Ql  AnR.\N(}LE  (CASH.  JEFFERSON,  AND  MARION    COUNTIES,  TEX.). 

(ieographic  positions  along  Missouri,  Kansas  and  Texas  Railway  betireen  AHnger  and 

Jefferson. 


Station. 


Latitude. 


Longitude. 


Road  crossmg  at  milepo.«»l 32    49    1^.1 

I  ron  post  at  north  edge  of  right  of  way  and  east  edge  of  road,  stamped 

"Prim.  Trav.  Sta.  No.  282" 32    49    00.7 

Mllepost828 •. .32    48    41.2 

Kelleyville,  Marion  County,  Tex.,  Coast  and  Geodetic  Survey  bench 
mark.  ,30  feet  west  of  and  across  track  from  switch  stand  at  west  | 
end  of  siding,  l>eiween  thrid  and  fourth  telegraph  poles  east  of  mile- 
post 830,  14  paces  north  of  track,  in  an  angle  formed  by  right-of- 
way  fence  and  fence  cro.ssing  railroad,  limestone  post 32    47    19.9 

At  road  crossing,  south  edge  of  right  of  wav,  east  edge  of  road,  iron 

post  stamped  "Prim.  Trav.  Sta.  No.  317"'. 32    47    09.6 

Milepost  833 32    46    45.3 

Road  crossing  at  milepost  H.34 32    46    07.4 

Crosalngof  Texas  Paciflc  Rwy .32    45    53.4 

Jefferson,  Marion  County.  Coast  and  Geodetic  Survey  bench  mark, 
7  feet  north  of  telegraph  pole  just  opposite  the  Missouri,  Kansas 
and  Texas  Rwy.  station,  almost  in  line  with  east  end  of  building  and 
16  paces  north  of  track,  limestone  post 32    45    31.8 


94  29  01.3 


94  27  33.0 
94  26  12.4 


94  26  01.6 

94  23  03.0 

94  22  23.8 

94  21  47.6 

94  21  19.9 


94  20  38.4 
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Geographic  positions  along  Texas  and  Pacific  Railtvay  between  Marshall  and  Bivins. 


Station. 


Marshall,  railroad  junction  and  street  crossing  under  tracks 

Miiepostes 

Hoad  crossing 

Road  crossing 

Woodlawn,  street  crossing  60  feet  south  of  station 

Private-road  crossing  at  section  house 

Milepost  55, 1,800  feet  north  of,  road  crossing 

Road  crossing 

MUepost63 

Road  crossing 

Private-rOad  crossing,  at  west  edge  of  right  of  way,  north  edge  of 

road,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  346" 

Milepost  47 

Road  crossing,  west  edge  of  right  of  way,  south  edge  of  road,  iron 

post  stamped  *'Prim.  Trav.  Sta.  No.  362" » 

Milepost  43 

Road  crossing 

Lodi,  street  crossing  near,  east  edge  of  right  of  way,  south  edge  of 

road,  in  angle  of  fence,  iron  post  stamped  "Prim.  Trav.  Sta.  No. 

379" r. f??. 

Milepost  41 

Milepost  40 

Road  crossing,  west  edge  of  right  of  way,  south  edge  of  road,  iron 

post  stamped  * '  Prim.  Trav.  Sta.  No.  388" 

Kudare  station 

Station  No.  411  and  also  station  No.  527  of  Malta-Kildare  line 

Kildare  station,  0.5  mile  north  of 

Road  crossing,  600  feet  north  of  milepost  36,  iron  post  stamped  * '  Prim. 

Trav.  Sta.  No.  4" 

Milepost  35 

MUepost34 

Water  tank 


Latitude. 

lAX^tade, 

o 

, 

„ 

o 

, 

tf 

32 

33 

05.2 

94 

Zt 

m£ 

32 

34 

25.8 

94 

22 

»-2 

32 

38 

07.8 

94 

21 

24  6 

32 

30 

07.5 

94 

20 

51.2 

32 

40 

02.1 

94 

20 

3S.8 

32 

40 

29.6 

94 

20 

29-2 

32 

43 

00.0 

94 

21 

02.4 

32 

43 

58.4 

94 

21 

27-2 

32 

44 

22.0 

94 

21 

31  3 

32 

46 

08.6 

94 

20 

345 

32 

47 

35.1 

94 

19 

30.7 

32 

48 

39.2 

94 

18 

56-3 

32 

50 

20.4 

94 

17 

54S 

32 

51 

42.6 

94 

17 

aj.2 

32 

52 

19.6 

« 

17 

(O.O 

32 

52 

34.1 

94 

16 

54-1 

32 

53 

19.7 

94 

16 

35-1 

32 

54 

09.1 

M 

16 

22.6 

32 

55 

01.6 

94 

16 

00.4 

32 

56 

27.9 

94 

15 

©1.6 

32 

56 

45.1 

94 

14 

5S-€ 

32 

56 

45.1 

94 

14 

4&.2 

32 

57 

17.9 

94 

14 

21  3 

32 

57 

57-5 

94 

13 

S2.S 

32 

58 

40.8 

94 

U 

17.9 

32 

59 

42.3 

94 

13 

35.4 

Geographic  positions  along  highways. 


Station. 


Tom  Dodge's  mail  box 

Road  to  nght 

Crossroads 

Kildare  public  school,  northeast  corner  of  building  lot 


Latitude. 

IxHigitode. 

Oft* 

32    56    15.4 
32    58    00.2 
32    57    05.1 
32    56    40.2 

94     IS    33.5 
94     17    53j» 
94     15    3».C 

94   14  sr^ 

I 


Geographic  positions  along  Texas  and  Pacific  Railivay,  Louisiana- Texas  StfUe  line  vis 

Marshall  to  milepost  75. 


Station. 


Missouri,  Kansas  and  Texas  Rwy.  crossing,  40  feet  south  of  track, 
1,000  feet  east  of  crossing,  iron  post  stamped  "Prim.  Trav.  Sta.  No. 
77" 

Waskom  station,  200  feet  east  of,  street  crossing 

Milepost  344,  road  crossing 

Jonesville,  400  feet  east  of  station,  street  crossing 

Road  crossing  1.5  miles  west  of  Jonesville,  30  feet  south  of  track,  w^t 
edge  of  road,  iron  post  stamped  * ' Prim.  Trav.  Sta.  No.  55" , 

Road  crossing .- 

Road  crossing 

Road  crossing 

Scottsvilie  flag  station,  road  crossing. 

Road  crossing,  iron  i>ost  stamped  *  *  Prim.  Trav.  Sta.  No.  27" 

Road  crossing , 

Milepost  359,  wO  feet  east  of,  road  crossing , 

Road  crossing,  at  first  telegraph  pole  east  of  milepost  68.  Reference 
mark;  An  iron  post  40  feet  south  of  track  at  east  side  of  road,  stamped 
"Prim.  Trav.  Sta.  89" 

Abner  flag  station,  road  crossing,  40  feet  north  of  track  on  west  side 
of  road,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  193" 

Road  crossing  at  milepost  73 

Road  crossing  0.25  mile  west  of  milepost  75 


Latitude. 

LoDgitwfe. 

o 

, 

,, 

o 

32 

28 

34.9 

94 

03 

00.5 

32 

28 

48.1 

94 

03 

35.4 

32 

29 

03.3 

94 

05 

043 

32 

29 

52.7 

94 

06 

3i.2 

32 

30 

03.1 

94 

08 

Ofr.9 

32 

30 

06.5 

94 

09 

«l-» 

32 

30 

47.2 

94 

11 

15.7 

32 

31 

20.2 

94 

12 

57.1 

32 

32 

16.8 

94 

14 

197 

32 

32 

31.3 

94 

15 

r.7 

32 

32 

45.2 

94 

16 

«.3 

32 

33 

15.3 

94 

18 

56.0 

32 

32 

52.5 

94 

23 

23-5 

32 

30 

38.2 

94 

26 

08-2 

32 

30 

28.2 

94 

27 

11-4 

32 

30 

57.1 

94 

39 

23.1 
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MOUNT  PLEASANT  QUADRANGLE   (bOWIE,    CASS,    MORRIS,    AND  TITUS    COUNTIES,    TEX.). 

Geographic  potfitiom  along  hightoays,  Malta  to  Simrm. 


Station. 


Road  to  right 

Crossroads .....' 

Crossroads  (dim) 

Simms  post-office,  crossroads,  6  miles  from 

Bridge 

Anderson  Creelc,  bridge  over 

Sam  Llnsev's  bouse 

Jobn  Harris's  house,  iron  post  600  leet  west  of,  stamped  "Sta.  No.  94 

Road  to  right 

Simms  post-office,  road  to  left,  400  feet  east  ol 

Bridge f 


Latitude. 


Lon^tude. 


o 

/ 

n 

o 

f 

It 

33 

28 

10.2 

94 

31 

49.3 

3b 

27 

33.6 

04 

31 

41.2 

33 

27 

00.2 

94 

31 

3ao 

33 

26 

01.4 

94 

31 

38.0 

33 

25 

13.3 

94 

31 

35.1 

33 

24 

08.6 

94 

31 

34.1 

33 

23 

19.5 

94 

31 

24.8 

33 

22 

47.6 

94 

31 

18.8 

33 

21 

18.1 

«4 

31 

13.3 

33 

20 

50.1 

94 

30 

29.8 

33 

1» 

28.1 

94 

30 

OLl 

Geographic  positioni  along  cottorirbelt  route  near  Bassett. 
Station. 


Road  crossing.. 
Milepost449.... 
Bassett  station 
Road  south 


Latitude.      >     Longitude. 


33  19  00.6 

33  18  34.4 

33  18  42.9 

33  18  31.1 


94  29  42.4 

94  32  08.1 

94  33  46.5 

94  34  13.2 


Geographic  positions  along  highvmys*. 


Station. 


SigntK>ard, ' *  Bassett  4  miles". ., 

Sulphur  River,  north  banlc  of  county  line 

Fence,  comer  of 

Mllepost,  * '21  miles  to  Linden  " 

Bryans  Mill  post-office,  0.25  mile  northwest  of,  iron  post  stamped 
"Prim.  Trav.Sta.  248" 


ALONG  WEST  EDOE  OF  QUADRANGLE. 


Qreenhill  post-office 

Payne's  store,  Iron  post  stamped  **8ta.  No.  178" 

W.  W.  Smith's  house,  500  feet  south  of,  east  edge  of  road,  iron  post 

stamped  "Sta.  No.  193" 

Mount  Pleasant,  2  miles  north  of,  700  feet  north  of  creek  bridge,  east 

edge  of  road,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  215' 

Mount  Pleasant  court-house,  tablet 


Latitude. 


:{3  16  UO 

33  16  06.7 

33  15  31.4 

33  15  22.8 

33  14  15.2 


33    15    32.4 
33    14    58.8 


33    13    17.2 


33    11    14.8 
33    09    23.0 


Longitude. 


94  31  5L0 

94  31  47.4 

94  31  17.6 

94  30  55i6 

94  30  05.4 


94    59    09.8 
94    50    40.5 


94    5n    20.7 


94    58    21.7 
94    58    lai 


Geographic  positions  along  St.  Louis  Southwestern  Railway  between  Mount  Pleasant 

and  Pittsburg. 


Station. 


St.  Louis  Southwestern  Rwy.,  street  crossing 

Road  crossing 

On  west  edge  of  right  of  way  and  north  side  of  road,  road  crossing, 

iron  post  stamped  "Prim.  Trav.  Sta.  No.  12" 

Road  crossing 

West  edge  of  right  of  way,  50  feet  west  of  track  at  gate,  iron  post 

stamped  "Prim.  Trav.  Sta.  No.  24" 

Cvpress  flag  station,  road  crossing  at  section  house  300  feet  north  of . 
North  side  of  road,  east  edge  of  rignt  or  way,  iron  post  stamped  *  *  Prim. 

Trav.  Sta.  No.  37 " 

Road  crossing 

Mllepost  490 

On  west  edge  of  right  of  way,  iron  post  stamped  "  PTim.  Trav.  Sta.  No. 

50" 

Pittsburg,  crossing  of  Missouri,  Kansas  and  Texas  and  St.  Louis 

Southwestern  Rwys 


Latitude. 

o 

33 
33 

09 
08 

11.0 
20.2 

33 
33 

07 
06 

20.3 
14.3 

33 
3;5 

05 
03 

00.3 
37.9 

33 
33 
33 

02 
01 
00 

24.5 
21.2 
45.7 

33 

00 

01.9 

32 

59 

47.7 

Longitude. 


94  58 

94  58 

94  58 

94  58 

94  58 

94  58 

94  58 

94  58 

94  58 

94  58 

94  58 


08.3 
24.5 

26.6 
15.1 

07.8 
08.7 

19.7 
15.5 
08.6 

07.7 

0&8 


Digitized  byVjOOQlC 


222       PRIMARY    TRIANGULATION    AND   PRIMARY    TRAVERSE. 

Geographic  positions  along  Missouri,  Kansas  and  Texas  Railway  between  Pittsburg  and 

Hn^hes. 


Station. 


latitude. 


Longitude 


Pittsburg,  Camp  County,  0.25  mile  west  of  station,  on  concrete  arch 
culvert  of  Missouri,  Kansas  and  Texas  Hwy.,  GO  feet  north  of  water 
tank,  1  telegraph  pole  east  of  mllepost  786,  top  of  coping  to  north  side, 
copper  bolt 

Milepost  789,  private  road  crossing  100  feet  north  of,  north  of  traclc  on 
edge  of  right  of  way,  iron  post  stamped  ' '  Prim.  Trav.  Sta " 

Flag  station,  road  crossing 

Camp-Titus  county  line,  50  feet  south  of  track,  iron  post  stamped 
•  •  Prim.  Trav.  Sta.  No.  75" 

Milepost  7ft3 

ISO  feet  east  of  road  crossing  on  south  edge  of  right  of  way,  iron  post 
stamped  "Prim.  Trav.  Sta.  No.  9;i" : 

Carson-Titus  county  line,  Coast  and  Geodetic  Survey  bench  mark,  15 
paces  south  of  track,  in  an  angle  of  fence  on  west  side  of  road  crQssing, 
7  telegraph  poles  west  of  station,  5  feet  from  south  and  east  fences, 
limestone  post  36  by  6  by  6  inches 

Mllepost  798 

Soutn  edge  of  right  of  wav,  east  edge  of  road.  Iron  post  stamped 
"Prim.  Trav.  Sta.  No.  118" 

Road  crossing 

Rood  crossing 

Dangerfleld.  tablet  in  court-house 

Road  crossing 

Milepost  805 

Road  crossing 

Veals  flag  station,  crossroads  at.  north  edge  of  right  of  wav,  iron  post 
stamped  'Prim.  Trav.  Sta.  No.  171" 

County-line  post 

Hughes,  also  called  Hughes  Spnng,  Cass  County.  Coast  and  (ieoaetlc 
Survey  bench  mark,  in  west  face  of  a  brick  building  owned  by  T.  B. 
Keaster,  In  new  part  of  btiilding.  in  the  double  column  where  the  old 
and  new  parts  Join,  11  paces  from  northwest  comer  of  building  and 
in  twenty-first  tier  of  brick  above  the  concrete  sidewalk,  copper  bolt. 


32    59    46.5 


33    00    42.4 
33    00    53.8 


33    01    OSlO 
33    01     28.0 


3a    01     43.4 


33  02  10.  S 

3^  01  49.5 

33  01  32.9 

33  01  22.3 

.13  01  31.1  ; 

33  01  53.3 

d3  01 .  55l  8 

33  00  58.4 

33  00  5a4 


33    00    42.7 
3:<    00    19.3 


32    5J    51.4 


94     58    2*15 


94     55    ^4.6 
94     54     11.5 


94     52    ^5.2 
94     51     3fi.^ 


94     50    03.5 


94  4£>  06.7 

94  46  57.7 

94  45  52.4 

94  45  17  5 

94  43  44.9 

94  43  19. 4 

94  42  OaO 

94  40  S43 

i4  40  42-3 

^4  40  av7 

94  :e»  14  i 


94    37     32.5 


MOUNT   VERNON    QUADRANGLE    (rED   RIVER   AND  TITUS   COUNTIES,  TBX.  ». 

Geographic  positions  along  highways. 


Station. 


Cuthand  Creek  bridge,  south  end  of,  road  to  right , 

East  edge  of  road,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  50"  . 
Cuthand  post-olflco . 


Cuthand,  2,100  feet  south  of,  road  to  right 

Crossroads,  iron  post  stamped  "Prim.  Trav.  Sta.  No   09" 

Dim  road  to  left 

East  edge  of  road,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  86" 

County  line,  northeast  end  of  Sulphur  bridge 

Opposite  new  house,  iron  post  stamped  "Prim.  Trav.  Sta.  No.  109"  . . 
Mount  Pleasant,  milepost  13  from,  3(X)  feet  north  of,  iron  post  stamped 

"Prim.  Trav.  Sta.  No.  —  " 

White  Oak  Creek,  north  bank. 


South  of  White  Oak  Creek,  on  summit  of  ridge,  west  edge  of  road,  iron  i 
post  stamped  "Prim.  Trav.  Sta.  No.  154" 


Latitude. 

Longitudf- 

0 

, 

„ 

o 

, 

33 

29 

57.60 

95 

ns 

li> 

33 

28 

41.20 

95 

03 

19  4 

;« 

28 

02  90 

95 

03 

21  3 

33 

27 

43.50 

95 

03 

23^5 

33 

27 

17.05 

95 

03 

JO  h 

33 

25 

37.20 

95 

03 

W.4 

33 

24 

36.50  ' 

95 

(R 

sas 

33 

23 

24.30 

95 

03 

4n  5 

3.-{ 

21 

37.90  ; 

95 

OS 

49  9 

33 

19 

47.50  ' 

95 

02 

09.4 

'^i 

18 

37.50 

95 

01 

24.2 

33 

17 

34.60 

95 

00 

4iS 

PARIS   QUADRANGLE    (FANNIN    AND   LAMAR   COUNTIES,  TEX.). 

Geographic  positions  along  St.  Louis  and  San  Francisco  Railroad  between  Paris.   Trx,. 

and  Goodland.  Ind.  T. 


station. 


Latitude. 


Longitude. 


TEXAS. 

Paris,  crossing  of  Texas  and  Pacific  Rwy.  and  St.  Louis  and  San  Fran- 
cisco R .  Rs 

Paris  station.  Frisco  street  crossing  at  north  epd  of 

Road  crossii\g ■ , 

Road  crossing,  iron  j>ost  stamped  "  Pnm.  Trav.  Sta,  No.  18,"  south  of 
road,  60  feet  oast  of  center  of  track 

Road  crossing 


33  38  55.8 

33  39  30.6 

33  40  12.3 

33  41  39.7 

33  43  09.  ] 


95  34  07.3 

95  34  03.3 

95  34  0X8 

95  33  22.7 

95  33  12.0 
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Giographic  positions  along  St.  Louis  and  San  Francisco  Railroad  between  Paris,  Tex,, 
andGoodland,  Ind.  T.— Continued. 


station. 


Latitude. 


TEXAS— continued. 

Hinckley  flag  station,  road  crossing,  at  angle  of  fence  at  cast  edge  of  < 
right  of  way,  north  edge  of  road,  iron  post  stamped  "Prim.  Trav.  \      <>      '       " 
Sta.  No.  28,  "50  feet  east  of  center  of  road ;      'S^    44    18.G 

Road  crossing,  east  edge  of  right  of  way  and  south  edge  of  road,  iron  ' 
post  stamped  "Prim.  Trav.  Sta.  No.  40,"  50  feet  east  of  center  of 
track 33    47    22.1 

Lenoir  flag  station,  road  crossing,  30  feet  west  of  track,  north  side  of 
road,  iron  post  stamited  "Prim.  Trav.  Sta.  No.  45" I      33    48    43.7 

Store,  road  crossing  at '      33    50    08.5 

Arthur  station,  road  crossing  south  of 33    52    07. 7 

INDIAN  TERRITORY.  | 

Bridge,  north  end  of,  on  abutment,  15  feet  east  of  center  of  track,  tablet . 

Miiepost  667,  road  crossing  at 

Milepost565 

Grant  station,  road cro8sing400 feet  south  of 

Hugo,  crossing  Choctaw  R.  R , 

Ooodland  flag  station,  road  crossing  at 

Road  crossing  (line  turns  weqt  on  wagon  road) 

Goodland  triangulation  station,  on  a  high  flat  praine  ridge  owned  by 
Tom  Self,  4  miles  west  of  Ooodland.  From  quarter  comer  between 
sees.  1  and  2,  T.  6 S.,  R.  16  E.,  station  bear*6. 79° 25'  W.,  distant  11.68 
chains.  Station  mark:  Shell  rocks  piled  around  foot  of  tail  signal 
pole 


Longitude. 


33  52  39.0 

33  53  44. 1 

33  55  25. 1 

33  56  2&3 

34  00  30.4 
34  02  53.7 
34  03  18.1 


34    03    43.0 


95    32    55.2 


95  31  50.5 

95  31  24.0 

95  30  55.2 

95  30  16.8 


95  30  02.8 

95  29  36.8 

95  30  12.6 

95  30  34.7 

95  30  54.1 

95  31  42.6 

95  32  03.6 


95    35    36.3 


8HAWNEETOWN   QUADRANGLE  (BOWIE   AND    RED   RIVER  COUNTIES,   TEX.). 

Geographic:  positions  along  Texas  and  Pacific  Railway  between  Malta  and  Clarksville. 


station. 


Road  crossing,  on  north  line  of  right  of  way,  iron  post  stamped  * '  Prim. 

Trav.  StaTNo.  103" 

Miiepost  30 

Road  crossing.  60  feet  north  of  track,  iron  iwst  stamped  '  *  Prim.  Trav. 

Sta.  No.  113" 

Road  crossing 

De  Kalb  station,  street  crossing  70  feet  west  of 

De  Kalb  station,  1,980  feet  west  of,  on  north  side  of  track,  iron  post 

stamped  "Prim.  Trav.  Sta.  128" 

Road  crossing 

Miiepost  38 

Oak  Grove,  840  feet  east  of,  north  side  of  right  of  way,  iron  post 

stamped  "Prim.  Trav.  Sta.  No.  143" 

Miiepost  40 

North  side  of  track,  west  side  of  road,  at  road  crossing,  iron  post 

stomped  "Prim.  Trav.  Sta.  No.  149" 

Miiepost  42 

Sixty  feet  north  of  track,  on  west  side  of  road  crossing,  iron  post 

stomped  "Sta.  160" 

Avery  station,  street  crossing  50  feet  west  of 

Miiepost  46 

Road  crossing,  north  side  of  track  and  cast  of  road,  iron  i}ost  stomped 

' •  Prim.  Trav.  Sta.  No.  174' ' 

Road  crossing 

North  of  track,  west  of  road  crossing,  iron  post  stomped  "Prim.  Trav. 

Sto.  186" 

Road  crossing 

Anona  stotion,  800  feet  east  of.  60  feet  north  of  track,  iron  post  stamped 

"Prim.  Trav.  Sta.  No.  195" 

Private-road  crossing,  north  of  track  and  west  of  road,,  iron  post 

stamped  "Prim.  Trav.  Sta.  No.  2a3" i 

Miiepost  256 

Road  crossing  under  bridge  288 

Road  crossing 

Road  crossing,  north  of  track  and  east  side  of  road,  iron  post  stamped 

"Prim.  Trav.  Sta.  219" 

Clarksville,  east  edgp  of,  north  of  track,  at  road  crossing,  iron  post 

stomped  "Prim.  Trav.  Sta.  No.  225" 

Clarksville,  west  end  of  station,  street  crossing 


Latitude. 

Longitude. 

o 

33 
33 

29 
29 

15.3 
40.7 

94 
94 

31 
32 

19.0 
47.4 

33 
33 
33 

30 
30 
30 

05.3 
18.3 
29.3 

94 

94 

.94 

34 
36 
36 

08.9 
33.4 
50.6 

33 
33 
33 

30 
30 
31 

38.3 
57.5 
49.0 

94 
94 
94 

37 
38 
40 

19.4 
08.1 
35.1 

33 
33 

32 
32 

02.9 
37.8 

94 
94 

41 
42 

05.2 
25.6 

33 
33 

32 
33 

43.7 
17.2 

94 
94 

42 
44 

37.4 
19.2 

33 
33 
33 

33 
32 
32 

10.1 
58.1 
59.5 

94 
94 
94 

45 
46 
48 

20.1 
50.2 
24.9 

33 
33 

33 
33 

20.4 
59.5 

94 
94 

49 

50 

07.8 
43.7 

33 
33 

34 
34 

18.9 
28.0 

94 
94 

52 
53 

16.9 
22.3 

33 

34 

47.6 

94 

54 

30.9 

33 
33 
33 
33 

35 
35 
36 
36 

31.3 
52.5 
09.3 
18.5 

94 
94 
94 
94 

57 
58 
59 
59 

00.3 
09.1 
02.2 
43.5 

33 

36 

41.1 

95 

01 

29.7 

33 
33 

36 
37 

56.7 
00.9 

94 
94 

02 
03 

46.1 
08.4 
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TEXARKANA  QUADRANGLE  (BOWIE  AND  CASS  COUNTIES,  TEX.;  CADDO  PARISH^  LA.). 

Geographic  positions  along  Texas  and  Pacific  Railway. 


Station. 


Texarkana,  crossing  of  Texas  and  Pacific  and  Kansas  City  Southern 
Rwys 

liilepost  2 

Road  crossing  (grade) 

Junction  station  (operator's  window) 

Road  crossing  (graae) 

Iron  bench-mark  post  stamped  '  *  Prim.  Trav.  Sta.  23" 

Road  crossing 

Leary  post-office,  road  crossing  west  of 

Mllepo8tl2 

MilepostM 

Hooks  station,  50  feet  west  of,  iron  post  stamped  * '  Prim.  Trav.  Sta.  52" 

Mllepostie 

Milepost  18 

Road  crossing 

Milepost  21 

New  Boston  station,  street  crossing  at  east  end  of 

New  Boston  station.  Iron  post  at  road  crossing,  0.5  mile  west  of, 
stamped  '*  Prim.  Trav.  Sta.  83" 

Milepost  25 

Road  crossing : 

Malta,  Norman's  store,  iron  post  300  feet  east  of,  stamped  "Prim. 
Trav.  Sta.  103" I    33    29    15.3 


Latitude. 

1 

Longitude. 

o 

33 

25 

02.36 

94 

03 

07.8 

33 

25 

26.92 

94 

04 

31.1 

33 

25 

51.3 

94 

05 

52.S 

33 

26 

20.5 

94 

07 

30.1 

33 

26 

30.3 

94 

Oft 

14.6 

33 

26 

44.9 

94 

09 

3S.0 

33 

26 

,54.0 

94 

10 

O4.0 

33 

27 

•32.8 

94 

12 

25.7 

33 

27 

46.6 

94 

14 

30-7 

33 

27 

58.2 

94 

16 

362 

33 

27 

56.4 

94 

17 

23.4 

33 

27 

51.9 

94 

18 

40.3 

33 

27 

46.3 

94 

20 

45.8 

33 

27 

41.5 

94 

21 

57.0 

33 

27 

35.2 

94 

23 

51.8 

33 

27 

32.6 

94 

24 

41.2 

33 

27 

33.5 

94 

25 

24.5 

33 

28 

14.7 

94 

27 

53.5 

33 

28 

37.3 

94 

29 

10.7 

94    31     19.0 


Geographic  positions  along  Texas  and  Pacific  Railway  between  Bivins  and  Texarkana. 


Station. 


Latitude. 


Longitode. 


•Prim. 


Bivins,  road  crossing  125  feet  south  of,  iron  post  stamped 
Trav.  Sta.  No.  25" 

Milepost  29 

Road  crossing  under  track 

Milepost  26 

Atlanta.  Main  street  crossing 

Milepost  23 

Tank,  road  crossing  1,000  feet  north  of 

Queen  City  station,  street  crossing  north  of 

Road  crossing 

Tenark  flag  station,  road  crossing 

Road  crossing 

Section  house  No.  40,  tool  house 

Springdale  flag  station 

Alamo  post-office,  road  crossing,  iron  post  stamped  *  Prim.  Trav.  Sta. 
No.  107" 

Milepost  11 

Sulphur  Bridge,  water  tank  at  north  end  of 

Railroad  station 

Road  crossing 

Road  crossing 

Road  crossing 

Milepost  4,  road  crossing  60  feet  north  of 

Road  crossing 

Crossing  of  Kansas  City  Southern  and  Texas  and  Pacific  Rwys 

Texarkana,  crossing  of  Kansas  City  Southern  and  Texas  and  Pacific 
Rwys 


33  01 

33  02 

33  04 

33  05 

33  06 

33  07 

33  08 

33  09 

33  09 

33  10 

33  12 

33  13 

33  14 

33  15 

33  16 

33  18 

33  18 

33  19 

33  20 

33  20 

33  22 

33  22 

33  23 


12.8 

94 

11 

55.4 

31.3 

94 

11 

ce.3 

00.5 

94 

10 

50.7 

03.8 

94 

10 

34.7 

50.6 

94 

00 

55.8 

31.6 

94 

09 

33.6 

43.3 

94 

09 

11.2 

02.6 

94 

09 

01.9 

47.4 

94 

08 

50.5 

56.6 

94 

09 

0$.S 

50-4 

94 

Oft 

10.  <i 

25.6 

94 

OR 

09.9 

00.1 

94 

06 

03.9 

56.1 
36.0 
00.7 
28.3 
22.3 
07.4 
22.5 
01.1 
46.8 
23.3 


33  25  02.4 


94  06 

94  05 

94  03 

94  03 

94  03 

94  08 

94  03 

94  03 

94  03 

94  03 


48.3 
21.0 
39.8 
24.3 
23.5 
28-4 
30.3 
41.2 
46-2 
43.0 


94    03    07.8 
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Station. 


Linden,  railepost  18  miles  from 

Crossroads 

Maple  and  Dooglasville  roads.  Intersection  of 

Road  to  left 

Cusseta  post-office,  60  feet  south  of 

Linden,  at  crossroads  9  miles  north  of,  iron  post  stamped  "Prim. 

Trav.su.  No.  341" 

C  ross  roads , 

Linden,  milepost  6  miles  from 

W.  N.  Anderson's  house 

Crossroads 

Road  to  right 

Linden,  muepost  2  miles  from 

Linden  court-house,  bencb-marlc  post  at  northeast  corner  of  yard, 

stamped  "Prim.  Trav.  Sta.  No.  429" 

Road  to  right 


La 

titu 

de. 

Longitude. 

o 

, 

„ 

o 

// 

33 

13 

23.2 

94 

29  41.4 

33 

12 

48.5 

94 

29  11.3 

33 

11 

41.8 

94 

29  04.1 

33 

11 

40.9 

94 

28  33.0 

33 

09 

42.7 

94 

27  27.1 

33 

07 

06.8 

94 

25  18.6 

33 

06 

15.9 

94 

25  27.5 

33 

06 

01.1 

94 

24  38.6 

33 

04 

45.1 

94 

24  27.3 

33 

03 

09.8 

94 

23  49.5 

33 

02 

45.5 

94 

23  49.3 

33 

01 

49.3 

94 

23  18.1 

33 

00 

39.8 

94 

21  52.8 

33 

00 

19.0 

94 

21  34.3 

Geographic  positions  along  Kansas  City  Southern  Railway  between  Rodessa  and 

Bloomburg. 


Station. 


Rodessa  station,  740  feet  south  of,  road  crossing  at  sectioti  house,  30 
feet  west  of  track,  on  north  side  of  road,  iron  post  stamped  "Prim. 
Trav.  Sta.  No.  288" 

Station  293,  sawmill,  flag  station,  road  crossing 

Station  298,  State  line  Arkansas  and  Louisiana,  road  crossing.  Refer- 
ence mark:  Iron  post  at  corner  of  fence  west  of  track  

Milepost  514 

Ravana  flag  station,  60  feet  south  of  crossing,  35  feet  west  of  track, 
iron  post  stamped  "309" 

Section  house  No.  73 

Arkansas-Texas  State  line,  50  feet  east  of  track,  iron  post  stamped 
•  Prim.  Trav.  Ste.  No.  320" 


Latitude.- 


Longitude. 


o 

o 

32 
33 

58 
00 

10.4 
04.9 

93 
94 

50 
00 

37.4 
42.0 

33 
33 

01 
02 

09.7 
40.6 

94s 
94 

01 
02 

18.6 
09.9 

33 
33 

03 
05 

58.7 
07.8 

94 
94 

02 
02 

29.0 
27.7 

33 

06 

30.4 

94 

02 

35.1 

Geographic  posHions  along  Kansas  City  Southern  Railway  between  Bloomburg  and 

Atlanta. 


Station. 


Latitude. 


Bloomburg  station,  300  feet  north  of,  35  feet  south  of  track,  west  side  .  "^  '       " 

of  road,  iron  post  stamped  "Prim.  Trav.  Sta." 33  08  16.3 

Road  crossing  2.5  miles  southwest  of  Bloomburg 33  08  05.0 

Road  crossing 33  08  11.1 

Road  crossing,  19  feet  north  of  track,  at  west  edge  of  road,  iron  post 

stamped   'Prim.  Trav.  Sta.  No.  849" 33  08  13.4 


Longitude. 


38.2 
51.1 
34.1 


94    07    32.8 
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UTAn-NEVADA. 
TRIANGULATION   STATIONS. 

BEAVER,    IRON,  AND   PIUTE   COUNTIES,  UTAH;    LINCOLN    COUNTY,    NEV. 

ntov  BPBorGS  special  quabeajtolb. 

In  the  fall  of  1905  Fred  McLaughlin,  assistant  topographer,  occu- 
pied seven  new  triangulation  stations,  based  on  Pioche  and  Tushar 
stations  of  the  Coast  and  Geodetic  Survey. 

BLUE,  BEAVER  COUNTY,  UTAH. 

On  the  highest  and  most  prominent  peak  of  the  Blue  Mountains, 
about  12  miles  north  of  Lund  railroad  station. 

Station  mark:  A  triangulation  tablet  cemented  in  solid  rock. 


[Latitude  38«  30' 42.19" 
To  station- 


Longitude  113*»  2«'  04.2.V'.] 

Azimuth.  Baclc  azimuth. 


Tushar 

Hot 

Per>lc....w... 

Springs 

Iron 

Frisco  Peak. 


278    13    22.0 
326    42    56.5 


hog. 
distance. 


"       '         "  Met€T$. 

d6    51     31.9  4.9&342M 

146    4K     10.0  4.34872^ 

4.6863173 

4. 63I*9?B2 

4.770T5*) 

4..5©467» 


FRISCO    PEAK,    BEAVER   COUNTY,    UTAH. 

On  Quartzite  Hill,  a  prominent  timbered  peak  about  4  miles  north 
of  Frisco  railroad  station. 

Station  mark:  A  tablet  cemented  in  solid  rock. 

[Latitude  38*  47'  33.66".     Longitude  1 13°  09'  33.64".] 


To  station - 

Azimuth. 
13    19    29.1 

Baclc  azimuth.        ^i^^^^Sc^, 

Hot 

'       "           Meter*. 
193     14    26.0             4.70&51G3 

Tushar 

302    13    56.8 

122    41    55.6             4.J«C415;S 

Granite     

, ,  4  *^C27^> 

Blue                                                              

4.5M67HB 

GRANITE,    BEAVER   COUNTY,    UTAH. 


On  the  highest  part  of  sharp  granite  range  10  miles  east  of  Milford 
railroad  station.  Can  be  approached  only  from  the  west.  About 
600  feet  north  of  this  point  is  a  sharp,  isolated,  and  inaccessible  rock, 
located  by  the  United  States  Coast  and  Geodetic  Survey,  called  Mil- 
ford  Needle. 
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Station  mark:  A  triangulation  tablet  cemented  in  solid  rock. 

[Latitude  38*  SO' 65.48".    Longitude  112*»  47' 64.31".] 


To  station— 

Aslmutii. 

Back  azimuth. 

Log. 
distance. 

Tushar 

o           /              // 

287    23    29.8 
66    22    44.6 

O             /                // 

107    37    56.4 
246    04    14.8 

Metert. 
4.5486284 

Hot  ..              

4.6750857 

FriacoPeak 

4.6432765 

HOT,    IRON   COUNTY,    UTAH. 

On  the  southernmost  and  most  prominent  point  of  the  Hot  Springs 
Mountains,  about  15  miles  northeast  of  Lund  railroad  station. 

Station  mark:  A  triangulation  tablet  set  in  stone  and  covered  by  a 
cairn  4  feet  high. 

[Latitude  38*20' 36.71".    Longitude  113*  17' 39.82".] 


To  station- 

Asimuth. 

Back  azimuth. 

Log. 

Springs     

o           /              // 

4    37    15.70 
356    03    36.25 
146    48    10.00 
193    14    26.00 
246    04    14.80 
263    28    56.80 
59    22    13.80 

O            /               // 

184    36    02.2 
176    05    03.0 
32u    42    56.5 
373    19    29.1 
66    22    44.6 
84    01    49.3 
238    54    10.0 

Meters. 
4.5563142 

Iron                                              -  .t 

4. 6987596 

Blue  

4.3487240 

Frisco  Peak 

4.7095103 

Granite 

4.6750857 

Tushar               

4.8896770 

Pioche    

4.8880691 

Peak 

4.6313362 

IRON,   IRON   COUNTY,    UTAH. 


On  Iron  Mountain,  a  prominent  peak  about  16  miles  west-southwest 
of  Cedar  City  post-office,  on  the  highest  part  of  a  large  iron  rock.  Fif- 
teen feet  west  (true)  of  the  geodetic  point  a  rock  cairn  4  feet  high  was 
built  over  a  triangulation  tablet  set  in  solid  rock. 


[Latitude  37°  53' 39.63".    Longitude  113°  15' 

19.28".] 

To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Peak.. 

205    12    50.0 
155    38    22.1 
176    05    03.0 
98    32    56.9 

o         /           // 

25    16    24.1 
335    35    42.5 
356    03    36.2 
278    03    35.1 

Meters. 
4.2992595 

Snrinfni ,   . , ,  ^ . - 

4.1858920 

Hot 

4.0987596 

Pioche 

4.8494989 

Blue.        

4.7707542 

PEAK,  IRON  COUNTY,  UTAH. 


On  the  sharpest  of  the  Three  Peaks,  about  1 1  miles  west  of  Cedar 
City  post-office  and  2  miles  north  of  Iron  Springs. 

Station  mark:  A  tablet  cemented  in  solid  rock,  over  which  a  cairn 
was  erected. 


Bull.  310-07 la 
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[Latitude  38"  03'  23.98".    Longitude  113"  09'  S1.23".] 
To  station—  Admutb. 


Back  azimuth. 


Log. 
distaocr. 


Iron 25    16    24.1  205    12    50.0,  4.2 

Hot 159    34    07.2  339    29    06.1  •  4.5313362 

Blue ■  4.eWll73 

Springs 4.18827« 


SPRINGS.    IRON    COUNTY,    UTAH. 


On  the  easternmost  and  highest  of  three  peaks  about  20  miles 
south-southwest  of  Lund  railroad  station. 

Station  mark:  A  tablet  cemented  in  a  rock,  over  which  a  cairn  4 
feet  high  was  erected. 


[  Latitude  38»  01'  12.87".     longitude  IW  19'  38.72". 


Azimuth. 


Baclc  azimuth. 


Log. 
dlstaiKe. 


Hot 184    38    02.2  I  4    37     15.7,  4.3563142 

Iron 335    35    42.5'        155    38    22.1  j  4. 18SW2P 

Blue 4.6389711 

I»eak : 4.1862739 


TUSHAR,    PIUTE   COUNTY,    UTAH. 

A  Coast  Survey  station  of  1882,  on  summit  of  northernmost  of  the 
highest  of  three  peaks  in  Tushar  Range,  the  backbone  of  which  forms 
the  boundary  between  Beaver  and  Piute  counties;  the  peak  is  locally 
known  as  Mount  Belknap.  Can  be  reached  most  easily  from  Manx's- 
ville,  a  village  on  upper  Sevier  River,  10  miles  distant  in  an  air  line. 

Station  mark:  A  f-inch  copper  bolt  leaded  in  solid  rock,  around 
and  over  which  was  built  a  stone  foundation  pier  for  theodolite,  with 
a  stone  slab  with  a  drilled  hole  in  its  top.  Top  of  copper  bolt  is  11} 
inches  below^  hole  in  slab.  The  vertical-circle  station  is  almost  due 
north  34.12  feet  from  station  mark.  Circular  stone  w^alls  around 
these  stations  w  ere  left  standing.  The  wall  around  station  mark,  1 1 
feet  interior  diameter,  2.5  feet  thick,  and  4.5  feet  high,  is  concentric 
with  station  bolt  and  makes  an  excellent  reference  mark  in  the  absence 
of  usual  drill  holes,  which  were  not  made  owing  to  the  loose  condition 
of  the  shale  rocks  about  the  station. 


[Latltude3«' 25' 10.31". 

Longitude  112"  24'  4 

2.96".J 
Back  azimuth.  ! 

To  station- 

Azimuth. 

o           /             // 

84    01     49.3 

Log. 
distance. 

Hot 

0          ,          .         t 

263    28    56.8 
287    -23    29.8 
302    13    56.8  1 
276    13    22,0 
250    58    56.1 

4.8896770 

Cranite 

Frisco  Pcalc 

Blue 

Pioche  ..                      --  - 

107    37    65.4 
122    41     55.6 
96    51    31.9 
71    59    46.3 

4.5486384 

4.8874153 
4.9534384 

5  1802173 
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PIOCHE,    LINCOLN    COUNTY,    NEV. 


A  station  of  the  Coast  Survey,  located  on  the  highest  rock  knoll  of 
a  peak  in  the  mountains  east  of  Eagle  Valley.  Peak  is  about  1,000 
feet  west  of  boundary  line  between  Nevada  and  Utah  and  bears  N. 
80°  25'  E.,  distant  22.5  miles  (about  33  miles  by  road)  from  the  court- 
house in  Pioche.  The  geodetic  point  is  marked  by  a  i-inch  copper 
bolt  leaded  in  solid  rock  in  the  center  of  a  stone  foundation  pier  for 
theodolite  as  a  subsurface  mark.  The  pier  is  covered  by  a  stone  slab 
with  a  J-inch  drill  hole  in  its  center  as  a  surface  mark.  The  coppey 
bolt  is  8J  inches  below  top  of  drill  hole.  The  vertical-circle  sta- 
tion bears  N.  26°  20'  E.,  distant  69.23  feet  from  geodetic  point,  and 
both  points  were  surrounded  with  circular  stone  walls  which  were  left 
standing. 

Reference  marks:  Five  drill  holes,  one  N.  34°  28'  E.,  distant  8.27 
feet;  one  S.  88°  22'  E.,  distant  7.91  feet;  one  S.  15°  14'  E.,  distant 
8.92  feet;  one  N.  88°  W.,  distant  7.71  feet,  and  one  N.  28°  57'  W., 
distant  6.56  feet  from  geodetic  point. 

[Latitude  37*  59'  10.90".    Longitude  114'  03'  04.82".] 


To  station- 


Azimuth. 


Wlieeler  Pealt 168  26  35.00 

Tushar 250  68  56.09 

Hot I  238  54  10.00 

Iron 278  03  35.10 


Back 

azimutii. 

Log. 
distance. 

o 

, 

,/ 

Meters. 

348 

16 

48.08 

5.05423265 

71 

59 

46.26 

5. 18021727 

59 

22 

13.80 

4.88806910 

98 

32 

56.90 

4.84949890 

WYOMING. 

TRIANGULATION  STATIONS. 

BIGHORN,    FREMONT,    AND    NATRONA    COUNTIES. 

ALOOVA,  BBOKEN  HORK,  LOST  CABIN,  NOWOOD,  VOWATEK,  AKD  WATR0U8  QITABRAirGLES. 

During  the  season  of  1905  T.  M.  Bannon,  topographer,  extended 
triangulation  from  the  stations  Broken  Horn,  Shepherd,  and  Reef,  in 
the  vicinity  of  Casper,  Wyo.,  established  by  Sledge  Tatum,  topogra- 
pher, from  the  Coast  and  Geodetic  Survey  stations  Morrison  and  Table 
Mound  in  Colorado,  northwestward  to  stations  Deranch  and  Mahog- 
any, established  by  Mr.  Robertson  from  the  Ranchester  base  and 
Sheridan  position.  The  differences  of  the  positions  and  bases  are 
noted  in  the  description  for  Mahogany. 

Positions  are  given  on  the  United  States  Standard  datum. 


DERANCH,    BIGHORN   COUNTY. 


On  the  most  prominent  peak  of  Lyesite  Mountain  at  the  head  of 
Lake  Creek,  a  tributary  of  Kirby  Creek.  Road  goes  up  one  fork  of 
Bridger  Creek  almost  to  station.     Deranch  post-office  is  about  7  miles 
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south  of  station.  Peak  is  timbered  on  the  Lake  Creek  side  and 
smooth  and  grassy  on  the  Bridger  Creek  side.     Water  in  both  creeks. 

Signal :  A  rock  caim  8  feet  high,  built  around  small  pine. 

Station  mark :  A  bronze  triangulation  tablet  set  in  stone  which  was 
placed  in  ground  imder  center  of  signal. 

[ Latitude  43*  34'  03.42"  (43*  34'  05.«7"a) .    Longitude  107«o  44'  06.57"  (lOT*  44'  03-23"«i) .) 


To  station— 


Azlmutli. 


Back  azimuth.        ^liSa. 


Copper I  42 

Cottonwood  Pa«8 '  311 

Canyon  a 72 

Kirbya 112 

Honeycomba I  199 

Mahoganjra 254 

o  From  Ranohester  base. 


/ 

// 

o 

, 

,, 

Meter*. 

11 

07.23 

222 

04 

57.40  1 

4.2S49782 

39 

39.47 

^      131 

46 

49.18 

4.27373S 

06 

05.85 

251 

47 

08.90  1 

4.S9I1835 

55 

33.71 

292 

44 

11.96  1 

4.38II117 

25 

15.59 

19 

29 

28.37 

4.3056131 

14 

08.07 

74 

29 

n.35 

4.4843181 

MAHOGANY,    BIGHORN    COUNTY. 

On  highest  point  of  Mahogany  Butte^  a  prominent  spur  from  the 
main  mountain,  forming  a  perpendicular  bluff  on  the  side  of  Xo  Wood 
Creek,  about  5  miles  down  the  creek  from  No  Wood  post-office.  Road 
from  No  Wood  to  Redbank  and  Big  Trails  passes  directly  under  station. 
Take  this  road  from  No  Wood  post-office  to  a  point  where  it  crosses  a 
creek  on  a  bridge,  then  take  trail  to  right. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid 
rock,  over  which  a  carni  8  feet  high  is  centered. 

[  Latitude  430  38'  29.83"  (43'»  38'  32.10"  a) .    Longitude  107«>  22*  16.20"  (107'»  22*  13^"  a) ,] 


To  station— 


De  ranch 

De  ranch  a 

Cottonwood  Pass. 
Honeycomba 


Azimuth. 

74 

29 

03.28 

74 

29 

11.345 

36 

39 

1&13 

125 

58 

2&19 

BaclE  azimuth. 


.  Log- 
distance. 


254  14  0a31 

254  14  08.074 

216  31  2a  01 

305  47  3a38 


Meter*. 

4.4842345 
4.48431S1 
4.  4117437 
4.4145173 


a  From  Ranchester  base. 


COPPER,    FREMONT  COUNTY. 


On  a  high  grassy  hill  of  the  Bridger  Mountains  between  the  forks  of 
Little  or  Dry  Bridge  Creek  and  West  Bridge  Creek  on  the  north  and  the 
drainage  of  Dry  Creek  on  the  south,  5  miles  west  of  De  ranch  and  2  miles 
west  of  Deranch  Pass.  Station  is  on  rim  of  Wind  River  Basin  and 
visible  for  a  great  distance.  Easily  reached  from  north.  A  big  lone 
pine  near  station  distinguishes  the  hill. 

Station  mark:  A  bronze  triangulation  tablet  cemented  into  a  lai^e 
stone  buried  flush  with  ground  and  centered  under  a  small  rock 
monument  and  tripod  signal. 
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Reference  marks:  Top  of  two  nails  driven  into  a  blazed  place  6 
feet  above  ground  in  a  big  pine  tree  42.05  feet  southeast  of  station. 


[  Latitude  43*'  26'  61.19".    Longitude  lO?"  53^  02.773".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Bad  water .  .  .* 

o         ,           n 

111    38    4&88 
144    12    08.09 

291    16    5a  32 
324    00    2a  15 

Meters. 
4.6650032 

Round  Hill 

4.5985609 

HERDER,  FREMONT  COUNTY. 

(Not  occupied.) 

-A  sheep  herder^s  monument  on  a  hill  south  of  the  stage  road  about 
one-half  way  between  Round  Hill  and  the  Buck  Camp. 


[Latitude  43°  05' 22.67". 

Longitude  IO70  35'  00.50".] 

To  station- 

Azimuth. 

Back  azimuth. 

Log. 
distance. 

Round  Hill - 

0       /       /» 
171    33    14.8 

0      '       It 

351    32    4a  6 

45    30    49.6 

Meiers. 
3.8867036 

Poison 

225    28    2a  0 

a83250e9 

POISON,    FREMONT  COUNTY. 

On  a  small  hill  known  as  Round  Hill,  on  the  south  side  of  Poison 
Creek,  about  500  feet  southwest  of  Round  Hill  stage  station,  at  the 
junction  of  the  Casper-Lander  road  and  the  Casper-Thermopolis  stage 
road  and  telephone  line.  The  station  is  near  the  Fremont-Natrona 
county  line. 

Station  mark:  A  bronze  tablet  cemented  into  a  large  bowlder 
buried  several  inches  under  ground,  over  which  a  mound  of  dirt  was 
thrown. 

Reference  mark:  A  small  hole  picked  into  a  rock  buried  14.7  feet 
west. 

[  Latitude  43*>  07'  57. 16" .    Longitude  107»  31'  25.97". ] 


To  station- 

Azimuth. 

115    31    39.6 
217    20    31.9 

Back  azimuth. 

Log. 
distance. 

Round  Hill 

o          t           n 

295    28    38.6 
37    33    32.7 

Meters. 
a  8211898 

Badwater 

4.3576638 

ROUND   HILL,    FREMONT  COUNTY. 

On  a  sand  hill  on  the  divide  between  Poison  and  Alkali  creeks,  about 
3  miles  northwest  of  Round  Hill  stage  station  at  forks  of  Lander-Casper 
road  and  Casper-Lost  Cabin-Thermopolis  stage  road.  Station  is  in 
view  for  a  long  distance  from  both  roads.  Good  grass  and  bad  water 
in  Poison  Creek  bottom. 
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Station  mark:  A  bronze  tablet  cemented   into   a  large   bowlder 
buried  under  a  quadripod  signal  and  a  rough  rock  monument. 
Reference  mark :  A  chiseled  cross  on  a  limestone  ledge  45  feet  east. 


[ Latitude  43»  W  29.5^'.     Longitude  107*>  sy  S0.S8r.] 


To  station- 


Azimuth. 


Badwater 232  24  63.63 

Jack  Pot !  247  26  44.92 

Reservoir 2»5  22  3a78 

I 


Back  azimuth. 


^Log. 
distance. 


"*  '  "  Metert. 

62  34  55u  74  j  4. 39tt6£ 

67  42  36.96  |  4.55732SS 

116  30  3&43  4  4560907 


BADWATER,    NATRONA  COUNTY. 

On  grassy  ridge  on  divide  between  Dry  or  South  Fork  of  Badwater 
Creek  and  the  drainage  of  Alkali  Creek,  3  miles  northeast  of  Cedar 
Pass  (also  known  as  Davis  or  Bostleman  Pass),  3  miles  east  of  Bostle- 
man's  ranch  at  forks  of  North  and  Dry  Forks  of  Badwater  Creek,  20 
miles  northwest  of  Walton ,  and  20  miles  northeast  of  Lost  Cabin.  The 
road  up  Dry  Fork  of  Badwater  Creek  passes  one-half  mile  north  of 
station.  Good  road  from  Walton  to  Bostleman  via  Cedar  Pass;  from 
Lost  Cabin  take  old  Bates  road  east  to  intersection  with  Cedar  Pass 
road.  Station  is  not  on  highest  point,  but  1,000  feet  west  and  50  feet 
lower.     A  large  rock  monument  was  aIso  built  on  highest  point. 

Station  mark:  A  bronze  tablet  cemented  into  a  solid  rock,  over 
which  a  big  cedar  tree  and  rock  monument  were  centered. 

Reference  mark:  A  chiseled  cross  on  a  large  rock  32  feet  west. 

[  Latitude  43°  17'  42.94".     Longitude  107*'  21'  11.44".] 


To  station— 

1       Azimuth. 

i        °       '        " 
276    05    5&2C 

Back  azimuth.  ' 

distanop. 

Jack  Pot...     . 

1 

96    12    4a  78  ! 
167    53    48L22 

MeUT*. 

4.  1337736 

Reservoir 

347    60    48.07 

i.4«4»4 

CLARK,   NATRONA   COUNTY. 

On  the  high  north  end  of  a  grassy-topped  ridge,  fringed  on  slopes 
with  trees  and  locally  known  as  Pine  Mountains,  5  miles  south  of 
Clark's  and  7  miles  southwest  of  Johnson's  ranches,  on  Casi>er- 
Lander  stage  road.  A  road  from  Clark's  ranch  to  top  of  mountain 
passes  200  feet  east  of  signal.  Fine  grass  all  over  the  top  of  moun- 
tain, and  water  in  spring  at  head  of  gulch  500  feet  west  of  signal. 

Station  mark :  A  bronze  tablet  cemented  in  solid  rock,  over  which 
are  centered  a  small  monument  and  a  tripod  signal. 

Reference  mark:  A  small  hole  picked  into  a  flat  rock  buried  41 
feet  east  of  signal  near  a  small  pile  of  stone. 
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To  station- 


Easy. 
Reef.. 


.\zimutli. 


207    56    2a  76 
292    54    0406 


Back  azimuth. 


o 

28 
113 

01    3a  72 
04    45.68 

Log. 
distance. 


Meters. 
4.3444672 
4.3655294 


COTTONWOOD   PASS,   NATRONA   COUNTY. 

On  highest  pomt  of  limestone  hill  on  the  east  side  of  Cottonwood 
Pass,  about  1  mile  southeast  of  telephone  line  in  pass,  15  miles  north 
of  Lost  Cabin  and  same  distance  south  of  Nowood  post-office.  The 
stage  from  Lost  Cabin  to  Nowood  and  Bonanza  comes  up  Cotton- 
wood Creek  from  Lost  Cabin  and  passes  1  mile  west  of  signal.  There 
is  a  good  spring  and  grass  in  Cottonwood  Creek  at  fork  of  a  road  to 
west  1  mile  south  of  saddle.  The  road  to  the  west  intersects  the 
main  road  from  Nowood  to  Deranch.  Hanson^s  ranch,  on  the  stage 
road  down  Nowood  Creek,  is  7  miles  north. 

Station  mark:  A  bronze  tablet  cemented  under  a  quadripod  signal 
into  the  solid  limestone  ledge. 

Reference  mark:  An  arrow  pointing  to  a  triangle  chiseled  into  the 
limestone  rock  29- feet  southwest  of  station. 

[  Latitude  43°  27'  18.39".     Longitpde  107°  33'  41.45".] 
To  station—  Azimuth.        ,   Baclc  azlmutti.  j     ^istauce 


Round  Tlill. 
Copper 


17.02 
09.47 

o          /            n        \ 

185    01    48. 45  ; 
268    02    5a  78 

1 

Meters. 
4. 5199818 
4.  417a584 

EASY,  NATRONA  COUNTY. 

On  the  rim  between  Powder  River  and  North  Fork  of  Casper 
Creek,  about  10  miles  from  both  Clark's  and  Johnson's  road  ranches, 
on  the  Casi>er-Lander  stage  road.  A  wash  leads  from  both  of  the 
ranches  to  the  rim,  which  it  follows  around  to  Ballard's  shearing 
pens,  on  the  Casper-Kay cee  wagon  road. 

Station  mark:  A  bronze  tablet  cemented  into  a  large  bowlder 
buried  under  a  small  pile  of  rock,  over  which  is  centered  a  (juadri- 
pod  signal. 

Reference  mark:  A  chiseled  square  on  a  sandstone  ledge, which  is 
on  the  edge  of  the  rim  30  feet  west. 


[  Latitude  43°  09'  00.98".     Longitude  106°  44'  46.73".  J 

I 
To  station—  Azimutti.        !   Baclc  azimuth. 


Broken  Horn 

Shepherd 

Reef 


163 

19 

11.51 

343 

10 

08.63 

249 

20 

21.30 

09 

23 

55.64 

338 

50 

27.90 

150 

04 

bi.m 

Log. 
distance. 


Meters. 
4.  J212603 
a  87H7.r)8 
4.  4S5.H270 
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ENOCH,  NATRONA  COUNTY. 

On  a  badland  hill  on  divide  between  Keg  Springs  Creek  and  Jack 
Pot  Fork  of  Powder  River,  about  5  miles  northwest  of  Keg  Springs 
station,  7  miles  east  of  Walton,  and  5  miles  north  of  the  reservoir 
at  the  head  of  Keg  Springs  Creek.  The  signal  is  in  view  of  the 
Casper-Lander  road  for  a  long  distance.  The  road  from  the  springs 
stage  station  to  Jack  Pot  ranch  crosses  the  divide  about  3  miles 
west  of  signal. 

Station  mark:  A  bronze  tablet  cemented  into  solid  rock  under  a 
small  rock  monument  and  a  quadripod  signal. 

Reference  mark:  A  chiseled  square  on  the  brown  rock-ledge  ex- 
tending east  of  station. 

[  Latitude  43*'  06'  05.05''.    Longitude  107°  W  47.91''.] 


To  station— 


Admuth. 


Back  azimuth. 


Log 
distanoe. 


Easy.. 
Clark. 


260    48    40.5 
300    47    OLl 


O             /                ff 

81    05    55.7 
120    58    52.8 

Meters, 
4.5390BSS 
4.43»42» 

JACK   POT,   NATRONA   COUNTY. 

On  a  high  hill  on  divide  between  Buffalo  Creek  to  north  and  E.  K. 
Creek  and  Poison  Creek  drainage  to  southeast,  1  mile  southeast  of 
E.  K.  Pass  and  the  forks  of  the  road  to  the  Buffalo  shearing  pens, 
on  the  high  south  end  of  the  Bighorn  Mountains,  from  main  stage 
road  from  Walton  to  Houck  and  Kaycee;  about  7  miles  north  of 
Jack  Pot  ranch,  which  is  at  crossing  of  the  Lost  Cabin-Casper  road 
(known  as  Bates  road)  and  the  stage  road  from  Walton  to  Houck 
and  Kaycee;  about  15  miles  northeast  of  Walton. 

Station  mark:  A  bronze  tablet  cemented  into  a  sand  rock,  over 
which  a  tree  and  large  sandstone  monument  were  centered. 

Reference  mark:  A  nail  driven  into  the  sandstone  ledge  36  feet 
w^est 

[  Latitude  43''  16'  55.76".    Longitude  107'  11'  12.73".] 


To  station- 


Reservoir. 
Claric 


AEimutb. 


Back  acimuth. 


Log 
distanoe. 


16    18    23.00 
323    10    23.50 


<»       '         "  Meters. 

196    14    32L55  4. 4338S23 

143    23    14. 99  4.  €297172 


RESERVOIR,  NATRONA  COUNTY. 

Near  the  center  of  the  north  edge  of  a  mesa  on  the  divide  between 
Powder  River  and  Poison  Creek  at  the  south  head  of  Keg  Springs 
Creek,  4  miles  southwest  of  Keg  Springs  stage  station,  6  miles  south 
of  Walton,  and  3  miles  south  of  reservoir  at  the  head  of  Keg  Springs 
Creek.     The  station  is  in  sight  from  Casper-Lander  stage  road  for  a 
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long  distance.  Water  at  Keg  Springs,  Reservoir,  and  Walton. 
Proposed  extension  of  Chicago  and  Northwestern  Railway  from 
Casper  west  will  pass  in  a  saddle  just  north  of  signal. 

Station  mark:  A  bronze  tablet  cemented  into  a  large  bowlder 
buried  under  a  rock,  over  which  a  quadripod  signal  was  erected. 

Reference  mark:  The  top  of  a  flat  iron  pin  driven  in  the  ground 
35  feet  southeast  of  signal. 


[  Latitude  43'*  (W  61.07". 

Longitude  107°  16'  49.fi0".] 

To  station- 

Azimuth. 

Back  azimuth.  ' 

1 

Log. 
distance. 

Easy 

255    06    3L  20 
283    35    32.06 

75    28    2&01  : 
103    62    1L07  , 

MeterB. 
4.6528045 

Clark 

4.53J2884 
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Jonathan  Creek,  Ohio 90 

Jones  Creek,  I^ 39 

Jonesvllle,  Tex 220 

Judith   Mountains  station,   Mont 183 

Judith    station,    Mont 180 

Jumbo    station,    Nev 150 

Junction  City,  Ohio 77 

K. 

Kaiser  station,  Cal 156-157 

Kansas  City   Southern   Railway 45, 

224,  225 

Kaweah  Mountain  station,  Cal 171 

Kawlch  station,  Nev 150 

Kelleyvllle,  Tex 219 

Kendall  quadrangle,  Cal.,  trlangula- 

tlon  In 178-184 

Kendall,  C.  B.,  work  of 2 

5,  17,  20,  22,  35,  39,  40, 
50,  63,  64,  94,  96,  98 

Kentucky,  traverse  In 17-38 

Kent  station,  Mont 195 

Kenyon  station,  Cal 161 

Kern  station,  Cal 171 

Kerr,    Ind 24 

Kildare,  Tex 220 

Klnderhook,  Pa 05 

Kings  Mountain,  N.  C 65,66 

Kings   Mountain   quadrangle,    N.    C, 

traverse   In 64,65-66 

Kings  Mountain  station,  N.  C 65 

Kite  station,  W.  Va 109 

Knight,  Ohio 73 

Knights  Landing,  Cal 176, 177 

L. 

Lafayette,  Ala 4 

La  Joya,  N.  Mex  __^ 204 

Lake  Forest,  III 14 

Lakeland,  Ky 19 

Lake  Shore  and   Michigan   Southern 

Railway   85 

Lancaster,  Ohio 84,88 

Lanesvllle,   ind 24 

Langston  station,  Okla 210 

Lansing,  Tex 218 

Laplata,  Mo 58 

Lattlmore,  N.  C 67 

Lawn,  Pa 95 

l-eary,  Tex 224 


PMe. 
Lees  Creek,  Ark 7 

Lemltar  station,  N.  Mex 204 

Lenoir,  Tex 223 

Lentner,  Mo 61 

Leonard  quadrangle,  Mich.,  traverse 

In    46-47 

Lewlston  station,  Mont 183 

Liberty,   Ark 8 

Liberty,  Tenn 98,99 

Liberty  station,  Tenn 98 

Licking  Creek,  Ohio 90 

Unden,  Tex_ 225 

j   LIndsy's  ranch  station,  Mont 184 

Llsman,  Ky ^ 26 

Little  Beach  Creek,  Ky 37 

Little  Fablus  River,  Mo 62 

Little  Mount,  Ky 37.38 

Little  Otter  quadrangle,  W.  Va..  trl- 

angulatlon  In 106-126 

Little  Thlckety  Creek,  S.  C 68 

Little  Walnut  Creek,  Ohio 88 

Little  Whiteoak  Creek,  Miss 57 

Lloyds  Corners,  Ohio 80 

Lochanour,  Cal 176 

Lock,  Ohio 76 

Lockwood,  Miss 57 

Lodi,  Tex 220 

Logan  quadrangle.  Ohio,  traverse  in.  69,  77 

Lombard  station.  111 15 

Lone  Mountain  station,  Nev__  14IJ-146, 174 

Longrnn,  Ky 38 

Longvlew,  Ala 2 

Longvlew  Junction,  Tex 218 

Los  Lunas  station,  N.  Mex 204 

Lost  Cabin  quadrangle,  Wyo..  trian- 

gulatlon   In 22»-i35 

Lucero,  N.  Mex 232 

Louisiana,  traverse  In 39-45 

Ix>ulslana  Central   Railroad 41.42 

Luis  Lopes  station,  N.  Mex 204 

Louisville,    Ky    18,19.23 

survey  of 26-32 

Louisville  and  Nashville  Railroad 2. 

18,  19,  20,  23,  36,  38 
Louisville  quadrangle,   Ky.,   traverse 

in 17,  18-19 

Lucas  ford  of  Salt  River,  Ky 38 

Luck  Creek,  N.  C 67 

Lucknow,  Miss 53 

Lukens  station,  W.  Va 110 

Lula,  Miss 55 

Lunas,  N.  Mex 202-203 

Lyell  station,  Cal 168 

Lyndon,  Ky 19 

Lyondale,  Ohio 81 


McClure  quadrangle,   Ohio,    traverse 

in    69.78 

McElroys,  Ohio 77 

McFarland  Creek.  Ky„ 34 

McLaughlin,  Fred,  work  of 226 

McLuney,  Ohio 81 

McNair,  E.  L.,  work  of 3,  5, 12, 15.  90 

Macon^  Mq -.•••«•        59 
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MACon  quadrangle,  Mo.,  traverse  in_        58, 

59-00 

Madison,  Miss 53  , 

Madison  astronomic  station,  Wis 110 

Magdalena  station,  N.  Mex 204  ' 

Magruder  station,   Nev 174 

Mahogany  station,  Cal 171-172  | 

Maiiogany  station.   Wyo 230 

Maiden  quadrangle,  Mont.,  trlangula- 

tlon   in 178-184  ' 

Mallon  quadrangle,  Okla..  triangula- 

U  tion   In 205-210 

Malott,    Ky    19 

Mai  station,  Nev 151  . 

Malta,  Tex 224  • 

Mansfield,   Ark   10 

Mansfield   quadrangle.    La.,    traverse  | 

in    44-45 

Marcoot,  Ala ^ 4 

Maringouin,  La 42 

Marshall.  Tex 220  ' 

Martinsburg,    Ohlo___ 79 

Matamora,  Mich 47  | 

Maud,  S.  C 08 

Mayville,  Wis 120  i 

^lazomanie.  Wis 117  ' 

Meadows,  Ala 4 

Meadows.  Ark 7  | 

Meacham,    III    15  ' 

Meas  station,  N.  Y 91 

Mechanlcsburg,  Pa 96  i 

Memphis,  Ind 21  ! 

Merrick  quadrangle,  Okla.,  trlangula- 

tlon  in 205-216  | 

Mesa  station,  Oal 130 

Mesa  station,  Nev 151  i 

Mesecher  station,  Okla 208  | 

Metamora,  Ohio 85 

Michigan,  traverse  In 46-50  I 

Michigan  Central  Railway ^         47  I 

Middletown,  Ky 19  \ 

Middletown  quadrangle,  I*a.,  traverse  | 

in    94-96  I 

Midland  City,  Ark 9  I 

Midland  Valley  and  "  Frisco  "   Rail-  ! 

road    8  ; 

Midland  Valley  Railroad 8,  9 

Midway,  Ohio 73   ' 

Mllford   quadrangle,    Mich.,   traverse 

in    48 

Military  Springs,  Ky 34 

Milk,   Ky ^ 38 

Mill  Creek.  Pa 96 

Mlllcreek   Mountain,   Ark 8 

Mlllersport,   Ohio 87 

Mlllsprlngs,  Ky 34 

Millstone  station,  W.  Va 109 

Mlllway  station.  Pa 97 

Millwood.  Pa 96 

Milton,  Tenn 99 

Milton    Grove,    Pa 95 

Mlnnora  quadrangle,  W.  Va.,  trlan- 

gulatlon   in 106-110 

Mississippi,    traverse    In .50-57 

Missouri,  traverse  In 58-62 


I'age. 
Missouri,    Kansas    and    Texas    Rail- 
way 45,  218,  219,  220,  221-222 

Missouri   Pacific  Railway 7 

Moats,  Ohio 69 

Moccasin      Mountains      quadrangle, 
Mont..        triangulation 

In    178-184 

Mohaffeys   Ferry,    Miss 52 

Mono  station,  Cal 168 

Montana,  triangulation  in 178-196 

Montezuma  station,  Nev 146,  175 

Montlcello  quadrangle,  Ky.,  traverse 

In    33-.34 

Montlcello  station,  Cal 131 

Montpeller    quadrangle,    Ohio,    trav- 
erse In 69,78-79 

Montreal,  Ark 9 

Monument  station,  Cal 168 

Mooresboro,  N.  C 67 

Mooresboro  station.  N.  C 67 

Moore  station,  Mont 189 

Moorlngsport,  La 45 

Morgan  station,   Cal 161 

Mottenvllle,  N.  C 64 

Mound  station,  Okla 214 

Mount  Airy,  Pa 97 

Mount  Eden,   Ky 37 

Mount  Horeb,  Wis 116 

Mount  IMeasant.  Miss 57 

Mount  Pleasant,  Tex 221,222 

Mount    Pleasant    quadrangle,    Tex.. 

traverse   In   .—  217.  221   222 

Mount   Salem,  Mo 62 

Mount     Vernon     quadrangle,     Tex., 

traverse   In    217.222 

Mount  Wade,  Miss 57 

Mount   Washington,    Ky 18,  19 

Mule  station,  W.  Va 109 

Mumma  station,  Cal 131 

Myrtlstown,    La    45 

N. 

Natchez  Bayou,  I^ 43 

Natchez   Lake.    La 43,44 

Neapolls,  Ohio 78 

Nelson  station.  I'a 93 

Neosho,    Wis    120 

Nevada,  triangulation  In 144-155, 

173-175,  226,  229 

Nevada-California   boundary   posts 173 

New  Albany,  Ind 22 

New  Albany  quadrangle,   Ind.,  trav- 
erse In 17,  22 

Newark,  Mo 62 

Newark,   Ohio 80 

Newark    quadrangle,    Ohio,    traverse 

In 69.79-80 

New  Baden,  III 12 

New  Boston.  Tex 224 

New  Chicago  station,  Mont 190 

New    Comerstown   quadrangle.   Ohio. 

traverse    in 69,80-81 

New  Ferry.  N.  C ___  67 

New  Holland  quadrangle.  Pa.,  trav- 
erse   in 90-97 


Bull.  310—07- 
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New  Iludfton.  Mich 48 

New  Lexington.  Ohio 81 

New     Lexln}?ton     quadrangle,     Ohio, 

traverse    In G9,  81 

Newman,    Miss   57 

Newmans  Creek,  Miss 56 

New  Mexico,  triangulatlon  In 107-205 

New  Rosedale.  La 42  I 

New  York,  triangulatlon  In 00-91  i 

Ney,  Ohio 60  \ 

Nichols  station,  W.  Va 113 

Noel   station.    Va 102 

North  base  station,  N.  Mex 190-200 

North  Carolina,  traverse  In 63-68 

Northern  Central   Rallwa.v 05 

North  Oreenfleld,  Wis 121 

North  Moccasin  Mountains.  Mont 182 

North   Moccasin   station.   Mont 180-181 

Norwich,    Ohio   82 

Novl,    Mich    40 

Nowater  quadrangle.  Wyo.,  triangula- 
tlon  in 229-235 

Nowood  quadrangle.  Wyo.,  triangula- 
tlon  in 220-235 


O. 


Oak  Orove,  Ark 8 

Oak   Grove,   Ohio 73  ; 

Oak  Grove,  Tex 223 

O'Bannon,     Ky 20 

Ochllles  Creek,  (Ja 6  ! 

Ohio  and  Little  Kanawha  Railroad.  83 

Oil   Valley,   Ky 33 

Oklahoma,    traverse    In 216  1 

triangulatlon  In   20.5-216 

Olancha  station,  C«l 161-162 

Old   Marrottoy,    Ky 37 

Olive  Green,   Ohio 71 

Ono,  Ky 34 

Ontarlovllle,   III    15 

Opelika  quadrangle,  Ala.,  traverse  In  3-4 

Orange.   N.    C 63  | 

Orangevllle,  Miss 55  ' 

Oregon,   Pa   07  ' 

Orrs.    Tex    218 

Osweechee,  Ala 5 

Orion,  Mich 48  | 

Otsego,   Ohio 72  ! 

Ottawa    quadrangle,    Ohio,    traverse  1 


In    60,81 


Otter  Creek,  Ky__ 

Otter  Creek,  Mo 

Otter  Creek,  OhIo_ 

Ottoman.  Ohio 

Outville,  Ohio 

Oxford,  Mich 


P. 

Palncourtville,  La 

Palestine,  Miss 

Palisade  station,  Cal  — 
Palisade  station,  Mont  _ 

Paradise,   Pa 

Paradise  station,  Okla  . 


34 

50  I 
76  ! 
87  i 
87 
47 


43 

56 

162 

195 

96 

215 
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Paris.  Ter 217,222 

Paris  quadrangle,  Tex.,  traverse  in 217. 

222—223 

Paris,  Texat  and  Pacific  Railway 217 

Parnell,  Ky 34 

Pat,  Miss 52 

Pataskala,  Ohio S7 

Patterson  Springs.  N.  C 66 

Paulding  quadrangle,  Ohio,  traverse 

In    60,  S2 

Peadget.    Ark S 

Peak  station.  Ark 9 

Peak  station,  T'tah 227-22H 

Pearl,  Miss 52 

Pearl  River,  Miss 53 

Pearson.  Miss 53 

Peart,   Cal 176 

Pelahatchee  Creek,  Miss 5:^ 

Pennsylvania,  traverse  in 94-97 

triangulatlon  In 90.92-94 

Pennsylvania  Interurban  Railroad 22 

Pennsylvania  Railroad -. 73,^ 

Penton,  Ala 4 

Pequea,  Pa 96 

Perch  Creek,  Miss 56 

Perkins  stations,   Okla 215 

Perry,  Mo 61 

IVtersburg.  Ark 1.1 

Peterson  station,  N.  Y 91 

Petit  Jean  River in 

Petty.  Ky 37 

Pewee  Valley.  Ky !• 

Phee  station,  Okla 20S 

Philadelphia  and  Reading  Railway. _  97 
Phlllpsburg   quadrangle,    Mont.,    tri- 
angulatlon In  184-196 

I*hllo  quadrangle,  Ohio,  traverse  In  _         69. 

82-« 

Plerrepas  Bayou,  I^ 43 

Pikes  Peak  station.  Mont 194 

Pilot  Peak  station,  Cal 1.39 

Pilot  station.  W.  Va 111 

Pinchot  station,  Cal 162 

Pinnacle,   Tex 219 

Pinnacle  station.  Ark li» 

Ploche  station,  Nev : 229 

Pioneer,  Ohio 78 

PlkevUle,  Wis 14 

Pilgrims   Rest,    Miss 57 

Pilot    Rock,    Ky 33 

Piper  station,  Cal 163 

Pittsburg,   Tex    210.221,222 

Pittsburg,    Cincinnati.    Chicago    and 

St.  I»ui8  Railway 21 

Plainfleld,  Ohio 71 

Plaquemine,  I^ 41.44 

Plaquemine  Bayou,  La 41 

Plattenvllle,    La 43 

Pleasant  Illll,  Ohio 72 

Pleasant  Ridge,  Ark 10 

Pleasant  station,  Ohio 84 

Pleasant  Valley,  Ohio 75.  82.  8S 

Pleasant    View,    Pa 96 

Pleasantriile,  Ohio 87,  8S 

Plevna,  Mo 62 

Pocahontas,  Miss 55.56 
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Point  Lookout  station,  Mont 190 

Poison  station,   Wyo 231 

Polvadera  station,  N.  Mex 200.204 

l*ontIac  quadrangle,   Mich.,   traverse 

in    48-49 

Poplar  station,  W.  Va 113-114 

Porphyry  Peak  station.  Mont 183 

Port  Allen,  La 42 

Port   Washington   quadrangle.    Wis., 

traverse  in 119,  121 

Potts  station,  Va 103 

Powell    station.    Mont 194 

Prairie   Creek,    Ark 9 

Prairie  station,   Mont 191 

Princeton  station,  Mont 191 

Pritchett,  Tex 219 

Prospect,  N.  C 67 

l^ospect  quadrangle,  Ind.-Ky.,  trav- 
erse in 17,  19-22 

Prosperity,  ^enn 99 

Providence,  Ky 26 

Pyramid  station,  Mont 181 

Q. 

Quaker  Hill  station.  Pa 93 

Quartzite  station,   Nev 151-152 

Quay    quadrangle,    Okla.,    trlangula- 

tion  in 205-216 

Quay  station,  Okla 216 

Queen  City,  Tex 224 

Qulgg  station,  Mont 192 

Quinn,  Ky 25 

R. 

Ransom,  Ala 3 

Rattlesnake  station,  W.  Va 110 

Ravana,  Tex 225 

Raymond,  Miss 55,56' 

Raymond  quadrangle.  Miss.,  traverse 

In    50-51,54-56 

ReadyvUle,  Tenn 99 

Red  Lion  station,  Mont 192 

Red  Slate  station,  Cal 157 

Reece  station,  Okla 210-211 

Reform,   Ohio 75.  HO 

Reno,  Tex 217 

Renrock,  Ohio 73 

Repton,  Ky 25 

Reservoir   station.   Utah 234-235 

Reveille  station,  Nev 152 

Rexford,   Miss 52 

Rexs  Mill,  Ohio 83 

Rice,  Miss 54 

Rich  mil,  Ohio 83 

Richmond,  Wis 119 

Rich  Patch  station,  Va 103 

Ridge.  N.  C 65 

Riley  station.  Ky 18 

Rio  Puerco  station.  N.  Mex 204 

Ripley  quadrangle,  Okla.,   trlangula- 

tlon  in 205-216 

Ritters.  Ohio 84 

Rivervlew,  Ky 23 

Rivervlew      quadrangle.       Ind.  -  Ky., 

traverse  In 17,23 


Page. 

Robinsons  Springs,  Miss 54,  56 

Rochester  quadrangle,  Mich.,  traverse 

In    49-50 

Rockefeller,    111 14 

Rodessa,  Tex 225 

Roscoe.  Ohio 73 

Rose  Center,  Mich 48 

Rosedale,   La 41,42 

Rosehlll.  Ind 24,39 

Roselle,  III 15 

Roth  station,  Cal 132 

Rothvllle,   Pa 97 

Round  mil  station,  Wyo 231-232 

I  Round  station,  Cal 163 

i  Roxbury.  Wis 117 

I  Rowland.  Ohio 83 

I   Ruble  station,  W.  Va 115 

Rumsey  quadrangle,  Cal.,   trlangula- 

tlon  In 122-136 

Runyan,  Ind 21 

RushvlUe,  Ohio 87 

Rutherford,  Pa 94 


Sac-Fox  Agency  station.  Okla 209 

Sac-Fox  quadrangle.  Okla.,  triangula- 

tlon  In 205-216 

Sacramento,  Cal 177 

Sadleville  quadrangle,   Ky.,   traverse 

in    .35 

Saginaw,  Ala 2 

Saginaw,  Ala 2,3 

Sago  station.  Ohio 72 

St.  Gabriel.  La 40 

St.    Louis   and    San    Francisco   Rail- 
road      222-223 

St.  Louis  Southwestern  Railway..  219,  221 

St.  Marks.  Ga 5 

St.  Matthews,  Ky 19 

Salem.  Ala 4 

Salemburg  quadrangle,  N.  C,  traverse 

In    63-64 

Salem,  Ala 4 

Salt  River,  Ky .38 

Salt  River,  Mo 60 

San  Acacia  Mesa  station,  N.  Mex 204 

San  Antonio  station,  N.  Mex 20 

Sandersburg,   Pa 96 

Sanders  station.  N.  Mex 200-201 

Sapphire  quadrangle,  Mont.,  trlangu- 

latlon  In 184-196 

97 

38 

1,32 

220 

•        21 

139 

85 

41 

44 

70 

83 


Schoeneck,  Pa 

Scotts.   Ky 

Scott  station.  Cal 

Scottsvllle,  Tex 

Sellersburg,  Ind 

Sentinel  Dome  station 

Seward.   Ohio   

Seymour  Ferry,   La 

Soymourvllle.   La    

Sharon.    Ohio    

Sharp  mil.  Ohio 

Shawneetown  quadrangle,  Tex.,  trav- 
erse      217,  223 

Shearer  Valley,  Ky 


33 
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Sheep  station,  Cal 163 

Sheet  Line,  Nev 152 

Shelblnn,    Mo    60 

Shelbinn    quadrang:le.    Mo.,    traverse 

In 58,61-62 

Shelby,  N.  C 66,67 

Shelby  quadrangle.  Mo.,  traverse  in_  64,  67 

Shelbyville.  Ky 36 

Shelbyvllle,  Mo 62 

Shelbyville  quadrangle,  Ky.,  traverse 

In    35,37 

Shelbyville  quadrangle,  Mo.,  traverse 

In 58.61-62 

Shepherdsvllle,  Ky 18,23 

Sherman.  Ohio 88 

Shlloh.  Mo 62 

Shoal  Creek.   Ill 12 

Shoal    House,    Ohio 87 

Shoplere  quadrangle,   Wis.,    traverse 

In    117.  118 

Short  Hill  station,  Va 105 

Short   Mountain  station.  Tenn 08 

Short  Peak  station.   Mont 185 

Short  station,  Okia 211 

Shreveport,   La 45 

Shreveport  quadrangle.  La.,  traverse 

P^                       In    44,45 

Silver  station,  Cal 158 

SImms,  Tex 221 

SImpsonville,   Ky   38 

SIxmlle  Creek,  Ohio 72 

Skaggs  station,  Mont 181 

Sk.vllght,  Ky 20 

Sletervllle,   Ky   35 

Smettaer,    Ark    7 

Smith,  Miss 51 

Smith,  Tex   219 

Smithvllle,   Ky 10,38 

Smokestack  station.  Cal 125,  176 

Snowball.  Ohio 82 

Snug's  ferry,  N.  C 67 

Socorro  Peak  station.  N.  Mex 201 

Socorro  station,  N.  Mex 205 

Solon,  Ind 21 

Somerset,  Ohio 86 

Sonora,    Ohio    82 

South  Base  station,  N.  Mex 201 

Southern    Pacific    Railway 177 

Southern    Railway 12,22,23.65,66 

South  Moccasin  Mountains  station—  183 

South  Moccasin  station,  Mont 181-182 

South  Park,  Ky 18 

Spann,  Ky 33 

Speeds,  Ind 21 

Spencer   quadrangle,    W.    Va.,   trian- 

gulation   in 106-116 

Spencer  station,   W.  Va 114 

Split  Mountain  station,  Cal 158 

Sprlngdale,    Tex 224 

Springs  station,  irtah 228 

Staats  station,  W.  Va 114 

Stanley.  Tex 218 

Star,  Miss 52 

Starr,  Ky 25 

Starr  King  station.  Cal 140 

Stephens  Creek,  Ga 6 


Page, 

Steubenville,  Ky 34 

Stevens  station,   Cal 132-133 

Stewart,  B.  D.,  work  of 141 

Stocker  station,  Va liM>-101 

Stokes.  Ky 34 

Stonewall  station,  Nev 153, 175 

Stony  Brook,  Pa 95 

Stony  Ridge,  Ky 26 

Stovall  station,  Cal 125-126 

Stovetown.    Ohio    83 

Stringtown,  Ohio 81 

Strong  station,  Okia 211 

Stryker  quadrangle,  Ohio,  traverse  in  69.  84 
Stuart   Methodist   Episcopal   Church 

station,   Va 102 

Stuart  quadrangle,  trlangulation  in     100-102 

Stuart  station,  Okia 200 

Sugargrove   quadrangle.    Ohio,    trav- 
erse In 69,84-85 

Sugarhouse,    I^    1 43 

Sugar  Loaf  station,  Mont 193 

Sugar  Loaf  station,   Va 104-105 

Sugar  station.  W.  Va lOS 

Sullivan,   Ky 25 

Sulphur  Bridge,  Tex 224 

Sulphur  River,  Tex 221 

Summit,  Ohio 77,87 

Sumpter.  Ky 33 

Sundale.  Ohio 82.83 

Susie,  Ky 34 

Susquehanna   River 95 

Swanton  quadrangle,   Ohio,   traverse 

In 69.85-86 


Tallahala  Creek,  Miss 56 

Tallula  quadrangle.  111.,  traverse  In.   12-13 

Tatum,  Siedge,  work  of 44,217 

TaylorsvIIle,  Ky 38 

Taylorsvllle    quadrangle,    Ky.,    trav- 
erse in .35.38 

Teague  Bridge,  Ala 3 

Telescope  Peak  station.  Cal 144 

Tenark,   Tex   224 

Tennessee,  traverse  In 98-99 

Terry  quadrangle,  Miss.,  traverse  In  50-51. 

56-57 

Texarkana,   Tex   224 

Texarkana     quadrangle.      Tex.  -  La., 

traverse   in 224-225 

Texas,  traverse  In 217-276 

Texas  and  Pacific  Railway 41,  42,  43,  45. 

217,  218-219,  220.  224 

Thickety,   S.   C 68 

Thickety  Creek,  S.  C 6S 

Thickety  Mountain,  S.  C 68 

Thomas,    Mich    47 

Thomasvllle,   Miss 52 

Thomvllle  quadrangle.  Ohio,  traverse 

In 69,86-87 

Three  Sisters  station,  Cal 164-165 

Thurston,  Ohio _  87 

Thurston  quadrangle,  Ohio,  traverse 

In    69,87-89 
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Timber  Creek,  Ky 37 

Timber  station.  Nev 153 

Timpabute  station,   Ney 146 

Ting,  Ky 10 

Tin  station,  Cal 144 

Toledo  and  Ohio  Central  Railway—-  80.  87 

Tolicha  station,  Nev 153-154 

Tome  station.  N.  Mex 203 

Tom  station,  Cal 164 

Toray.  N.  C 65 

Touchstone,  Miss 52 

Trail  station,  Cal 172 

Trampton,  Ohio 75 

Tribune,   Ky 25 

Trinway,  Ohio 76 

Tryon  station,  Oltla 209 

Tuclcer.  L.  E.,  worlc  of 13 

Tucker,  Ky 19 

Tufted  Pine  station,  Mont 182 

Tumballs  Creek,  Miss 52 

Tunnel  Hill,  Ohio 75 

Turkey  Ridge.  Ky 33 

Turner  station.  Va 102 

Turtle  Creek.  Wis 119 

Tunitutu  station,  N.  Mex 202 

Tushar  station,  Utah 228 

U. 

rnlon.    Miss    53 

Union.  Ohio 77 

I'patole,  Ga 5,6 

Urquhart,  C.  F.,  work  of 122,  136,  155 

Utah,  triangulation  In 226-228 

I'tica,  Mich 49 

rtica,  Ohio 79 
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gations; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports. 
This  paper  is  the  fifty-seventh  in  Series  F,  the  complete  list  of  which  follows:        ^ 

SERIES  F,  GEOGRAPHY. 
[All  are  Bulletins  thus  far  except  Profeaeional  Papers  45  and  56.] 

5.  Dictionary  of  altitudes  in  United  States,  by  Henry  Gannett.    1884.    325  pp.    (Out  of  stock;  see 

Bulletin  274.) 

6.  Elevations  in  Dominion  of  Canada,  by  J.  W.  Spencer.    188 J.     43  pp.    (Out  of  stock.) 
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